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When you require an air conditioning register of mod- 
erate cost, having adjustability for downward air flow— 
remember that the Auer Airo-Flex “7000” line fits the case, 
and is unexcelled at the price. You will agree that when 
you install a high-grade heating unit, you cannot risk 
good results on the job by using anything other than an 
efficient register of substantial quality. The Airo-Flex 
“7000” is a single louvre register of simple construction, 
well built in every detail. Grille bars are easily adjusted 
with turning tool—up, straight, or to a downward range 
of 22°. This register, easy to install, in appearance a credit 
to any job, assuring satisfactory results, and costing only a 
trifle more than the most inexpensive register, is outstand- 
ing in its popularity today. 


THE AUER REGISTER COMPANY, 3608 PAYNE AVE., CLEVELAND, O. 
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Auer makes a complete | 
registers, intakes, and ¢ 
for warm air heating a 
all air conditioning req 
ments. Auer Register Box 
sent on request. Sepa 
Catalog “G” also available 
Auer Grilles. 
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For a multi-louvre register with back 
controlling up and down flow, and ® 
adjustable for sideway deflection. ¥ 
mend the Auer Airo-Flex “4000 ‘= 
has ALL adjustable features of ™*! 
priced registers. 
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SKYSCRAPERS BIG AIR 
CONDITIONING MARKET 


America’s skyscrapers—the office 
buildings, apartment houses, hotels 
and hospitals 10 stories or more in 
height—represent the greatest im- 
mediate commercial market for air 
conditioning, in the opinion of Dr. 
Willis H. Carrier. “The latest fig- 
ures available show that only 5.46 
per cent of the nation’s office build- 
ings are air conditioned,” he points 
out, “The apartment house picture 
is even more startling, with only 0.3 
per cent air conditioned. According 
to a recent survey in the hotel field, 
13.9 per cent have been completely 
er partially air conditioned.” 

A recent survey showed that air 
conditioning has been installed in 
3010 industrial plants, or 1.78 per 
cent of the nation’s 169,111 factories, 
according to Dr. Carrier. 

In the industrial market, tobacco 
factories rank first as the most com- 
pletely air conditioned industry. 
Yet only 25.3 per cent of the na- 
tion’s tobacco plants are air con- 
ditioned. 

Candy factories rank second—a 
survey of the nation’s candy plants, 
conducted last summer, revealed 
that 14.4 per cent of the total had 
air conditioning in one form or an- 
other. Much of it had been installed 
more than 10 years ago, however. 
The candy industry, because of its 
chocolate dipping problem, was one 
of the first to recognize the impor- 
tance of air conditioning. In third 
place in the industrial field are fur 
storage plants, with 6.5 per cent. In 
only a few other industries has even 
1 per cent of the saturation point 
heen reached up to now. 

In commercial markets, 40,247 in- 
stallations have been made. This 
represents a total of only 2.8 per 
cent of the saturation point in that 
field, says Dr. Carrier. In the com- 
mercial market, theaters outrank all 
other markets by a wide margin. 
Department stores rank second, al- 
though Only one out of every five 
department stores has been air con- 
ditioned. Drug stores report 1.58 
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per cent air conditioned; restau 
rants, 2.3 per cent; and banks, 2.89 
per cent, according to Dr. Carrier. 
xk x 
Called upon to provide shelter and 


accessories foi 1,195,000 troops by 
June 30, 1941, the construction division, 
general, 


1,214,000 


office of the quartermaster 
had housing available for 
men on that date, Brigadier-general 


Brehon B. Somervell, chief of the 
construction division, told the summer 
convention of the Carolinas branch of 
Associated General Contractors of 
America last month 

General Somervell pointed out that 
during the past year the construction 
division has conducted a building cam- 
paign of an estimated cost somewhat 
in excess of $1,500,000,000, This pro- 
gram was carried on in all parts of 
the continental United States, Puerto 
Rico, Hawaii and the Panama Canal 
Zone. It includes about 450 projects 


on 250 different locations. 





SILVER RESEARCH 
PROGRESSES 


The American Silver Producers’ 
research project, sponsored by sev- 


eral U. S. silver producing com- 





THEY TAKE THEIR 


As might be expected, the new Bell & 
Gossett factory and administration build- 
ing at Morton Grove, Ill. is heated by 
forced circulation hot water, under zone 
control to allow flexibility of heat dis- 
tribution and permit full compensation 
for occupancy. Executive offices are on 
one zone, the main office on another, the 
factory on another, etc. Thus, if one or 
two departments are working overtime 
their zones can be maintained at the 
regular temperature while the others 


drop to a lower temperature 


panies, has completed a year of a 
tivity at the bridgeport 
Handy & Harman, according to a 
progress report issued last month 
Included in the work are experi 
ments to determine the strength of 
extruded tubing made from a 3.5 
per cent silver, 96.5 per cent tn 
A bursting strength of 2500 
psi was obtained and this is appar 


plant ol 


alloy, 


working 
distilled 
material is 


ently far in excess of any 

pressure encountered in 

water lines where this 

finding commercial use 

threaded joints showed that the 
5 


alloy had a tensile strength 2 


fests on 


pel 
cent greater than joints made with 
pure tin tubing, it is reported. For 
certain installations it would seem 
feasible to use threaded connections 
in distilled water lines if the tubing 
made of the silver-tin alloy 


Both the 3.5 per cent silver and 5 


were 


per cent silver-tin alloys are finding 
applications as solders. 

Study has also been started on the 
corrosion of silver to silver joints 
made with different silver brazing 
alloys. This is of particular interest 
in connection with the manufacture 


of silver lined chemical equipment 





OWN MEDICINE 


Various types of heating and radiator 
units are used and in the engineering 
department and factory locker and wash- 
room, panel heating with pipe coils in 
the floor is being installed .... . Two 
oil fired boilers using Bunker C fuel 
serve the new building: each will have 
submerged heaters for heating domestic 
water instantaneously without the use of 
a storage tank ..... The building, made 
necessary by a large increase in the use 
of forced hot water heating. is to be 
ready for occupancy in September 
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AIR CONDITIONING AND 
NATIONAL DEFENSE 


The following listing of “uses of 
refrigerating and air conditioning 
machinery with regard to the effect 
on the national defense program and 
the national economy” has_ been 
compiled by the Air Conditioning & 
Refrigerating Machinery Associa- 
tion, Southern Bldg., Washington, 
D.C 


1. Building Materials and SuppPlies. 
(manufacturing processes* for cement, 
ceramics, glass, lumber, etc. ) 


2. Chemicals (manufacturing proc 


esses* ). 


3. Communications. Radio tubes and 
apparatus (manufacturing processes*). 
Telephone apparatus (manufacturing 
processes*). Telegraph apparatus (manu- 
facturing processes*). Telephone’ ex 
changes (atmospheric control). Broad- 
casting studios (atmospheric control). 
Printing and publishing (processing*). 


$. Drugs and Pharmaceuticals (manu 
facturing processes* ). 
5. Dry Ice (manufacturing processes* ). 

6. Electric Power (manufacturing 
processes* for electric motors and other 
electrical equipment ). 

7. Electrical Appliances (manufactur- 
ing processes* ). 
8. Explosives (manufacturing proc- 


esses* ). 


9, Flowers (growing and sale of). 


10. Furs (storage). 


Foodstuffs 


11. Foodstuffs. (a) Processing* of 
Foodstuffs: Meat and meat products pack- 
ing or processing*. Dairy products proc- 
essing*. Vegetable and fruit processing’. 
Flour processing*. taking processes* 
Cereals processing*. Ice cream (pro- 
duction and distribution). Sugar. Bev- 
erages. Candy processing*. Miscella 
neous foods processing*. Quick freezing. 
(b) Transportation of Foodstuffs: Rail- 
road car refrigeration. Truck refrigera- 
tion. Ocean and inland ships refrigera 
tion. Precooling. (c) Distribution of 
Foodstuffs: Preservation, storage, and 
sanitation equipment for 1. Storage ware- 
houses. 2. Wholesale depots. 3. Retail 
stores. 4. Eating places. 5. Locker stor- 


age. 
Housing 


12. Housing. Residential: (a) Homes. 


(b) Apartments. Commercial: (a) Stores. 


(b) Offices. (c) Hotels. (d) Banks. 


40) 





A group of key service men from the 
Atlantic and Pacific fleets of the United 
States navy launched last month upon a 
six week course of instruction in the 
operation and maintenance of air condi- 
tioning and refrigerating equipment, con- 
ducted by the York Ice Machinery Corp. 
With air conditioning and refrigeration 
destined to play an important part in 
World War II, the navy considers it a 
vital necessity that its men receive spe- 
cialized training in this essential field 


(e) Unclassified. J/ndustrial: (a) Fac 
tories. ( b) Laboratories. (c) Unclassi 
fied. Public (a) Auditoriums (b) 
Public buildings. (c) Unclassified. Milt 
tary: (a) Cantonments. (b) Unclassified. 
lustitutions: (a) Educational. (b) Hos- 
pitals. (c) Unclassified. 

13. Hospitals and Institutions. Food 
and medicine preservation. Control of 
operating room atmospheric conditions 
Control of convalescing space atmospheric 
conditions. 

14. Jce. Production. Storage. 

15. Laboratories. 

16. Leather and Leather Products 

17. Malt Beverages. (Beer, ale, etc.) 

i8 Vachines and Machine Tools 
(production of). Abrasives processing.* 


Precision and tolerances of parts control. 


Metals 


19. Metals. Copper mining. Zinc 
mining. Gold mining. Other minerals 
mining. Iron and steel production (blast 
furnaces, etc.) Other metals production 


20. Metal Working—Ferrous. 
21. Metal Working—Non-ferrous. 
22. Mortuaries. 


23. Munitions (manufacturing proc- 
esses*), 

24. Optical Apparatus (processing* 
of lenses, etc.). 

25. Paper and Paper Products (manu- 
facturing processes*). 


26. Petroleum Products (processing*). 


HEATING, 


27. Photographic Materials (mai 


turing processing*). Film. Can 
Other apparatus. 


28. Precision Instruments (mat 


turing pre wcesses* ). 


29. Recreation. Theaters. Soda 
tains. Bars. Clubs. Skating rinks 
classified. 

30. Rubber and Rubber P» 
(manufacturing processes*). 


31. Synthetic Products. Plastics 
thetic rubber. Unclassified. 


Textiles and Clothing 


32. Textiles and Clothing (mar 
turing processes*). (a) Non-synt 
Yarn spinning. Fabric weaving. | 
ment making. Hosiery making. | 
chute making. Balloon making. ( 
fabric production. (b) Syntheti 
materials manufacture. Yarn spit 
Fabric weaving. Garment making. | 


chute making. Other fabric prod 


33. Tobacco Products (manuifa 


processes* ). 


34. Transportation (manufactur 
processes*). Motors and engines pr 
tion. Airplane production Autom 
production. Truck production lank 
production. Railroad car producti 


Ships and boats production 


*“Processing” denotes operations 
equipment is essential for purposes 
trolling chemical, biological, or other 
of given hygroscopic and non-hygroscoy 
stances, materials or products Whenev: 
proved efficiency, health and comfort 
ers also results, this is purely n 


idditional advantage 


x * 


Election of Cloud Wampler 
cago as executive vice-president 
Carrier Corp. was announced 
month. Mr. Wampler, who is | 
dent of Stern, Wampler & ( 
investment banking firm, has 
intimately associated with Carr 
Corp. since 1932. . . . Henry Kn 
ton has been appointed sales pt 
tion manager of the Airtemp D1 
Chrysler Corp. He will study 
application of air conditioning, reirig 
eration and heating equipment 
selected vocational fields as part ol t 
company’s new dealer develop 
and field training program. 
B. Zimmerman has been appo! 
vice-president and general sales 
ager of Airtemp. . . . Edmund 
Walker has been promoted to assist 
general manager of the Fedders Mig 
Co. He was formerly manage! 


Pp 


the air conditioning division 

C. W. Pearsall has been app 
general sales manager of Ahlberg 
Bearing Co. . . . Herbert F. ¢ 
was recently appointed sales ma! 

of the Auer Register Co. 
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THE HEATING PUMP 
WITH CERTIFIED PERFORMANCE 


A Jennings Return Line Vacuum Heat- 
ing Pump may be installed with the 
absolute assurance that it is of the 
proper capacity to keep your heating 
system at top-notch efficiency. 

For the actual working capacity of 
your Jennings Pump is determined by 
careful tests under working conditions, 
and with the actual motor that goes on 
your job, regardless of currentcharacter- 
istics. Every Jennings Pump has to deliver 


full rated capacity of air and water 
simultaneously before it is released. 

TheJenningsHeatingPump has every- 
thing in the way of safety, convenience, 
and real dollar saving economy that 
years of experience as leading heating 
pump manufacturers have enabled us to 
put into it. Quality is backed by an un- 
challenged reputation, and satisfactory 
performanceis assured bya nation-wide 
network of Sales and Service offices. 


THE NASH ENGINEERING COMPANY 
SOUTH NORWALK «- CONNECTICUT « VU. SLA. 
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SOCKET WELDING FITTINGS STANDARDIZED 


Sabin Crocker’ and 9. A. Daeuble, fr. Explain 
Highlights of the Ylew Proposed American Standard 


ARLY in the development of 
welded piping systems the 
need was sensed for a line of 

socket welding fittings for use with 
small size pipe. The particular ad- 
vantage of socket type fillet welds 
over butt welds for this application 
is that complete fusion between 
socket and pipe is readily obtainable 
without the use of backing rings 
which tend to obstruct unduly the 
bore of small diameter pipe. An- 
other advantage of a socket weld is 
that the pipe end does not require 
beveling but slips into and is sup- 
ported by the socket, thus becom- 
ing self aligning and obviating the 
necessity of tack welding or clamp- 
ing the parts prior to welding. Fur- 
thermore, where streamline flow is 
not absolutely essential, the depth of 
socket bore provides some come and 
go so that it is unnecessary to cut 
the pipe to accurate length, or even 
to cut it off square. Hence the 
growing interest in the development 
of socket welding fittings has ex- 
panded to keep pace with the rapid 
adoption of welded joints for all 
service conditions. 


Need for Standardization 


It frequently happens during the 
early development of a new product 
that different designs and dimen- 
sions are offered for equivalent ar- 
ticles turned out by competing 
manufacturers or specified by inde- 
pendent designers. As experience is 
obtained with the product and 
opinion crystallizes on the relative 
merits of conflicting features, the 
trade eventually demands that de- 
sign be boiled down to some gener- 
ally acceptable compromise and 
hasic dimensions standardized to 

Hes engineer, engineering div., The De- 

oit Edison Co. Member of HPAC'’s board 
' consulting and contributing editors. Chair- 
man of subgroup No. 6 on standardizing the 

limensions of welding fittings, to which sub- 
group ASA sectional committee B16 has as- 

‘ened this job. 

**Vice-president, Henry Vogt Machine Co. 


Chairman sub-subgroup No. 2 on socket weld- 
ng fittings of subgroup No. 6. 


SOCKET FITTINGS One thing for 
which the piping industry should be par- 
ticularly noted is the outstanding job of 
standardization it has done in recent 
years. Those who have followed the 
pages of Heatinc, Pirinc anno Aim Con- 
DITIONING regularly have read many 
articles giving the background and high- 
lights of the various new standards .... . 
Many of these articles have been written 
by Mr. Crocker, an authority who is most 
active in piping standardization work. 
We are pleased to present this month a 
discussion by Mr. Crocker and Mr. 
Daeuble of the latest piping standardiza- 
tion project the proposed American 
Standard for Socket Welding Fittings. 
They describe its provisions and back- 
ground in some detail, and a figure and 
three tables from the standard are repro- 
duced. As noted at the end of their 
article, copies of the standard itself may 
be had by those who wish to. comment 
on it, and the committee responsible for 
its development will welcome such critic- 
ism and comment Sponsors of 
the new socket fittings standard are the 
Heating, Piping and Air Conditioning 
Contractors National Association, the 
Manufacturers Standardization Society of 
the Valve and Fittings Industry, and the 
American Society of Mechanical Engineers 





suit. So it was in the case of socket 
welding fittings, where conflicting 
schools of thought argued the merits 
of deep vs. shallow sockets — thus 
introducing a variety of overall di- 
mensions which precluded inter- 
changeable use of different brands 
of fittings. This situation was bad 
for producers and consumers alike 
in that it tended to obstruct free com- 
petition through practically requir- 
ing each consumer either to settle 
on one brand fitting and use it 
to the exclusion of all others or else 


to set up his own dimerisional stand 
ard for the product 

Socket welding fittings first ap 
peared on the market as a comme 
cial article about 1934, although fit 
tings of this sort had been tried out 
by the U. S. Navy at least as early 
as 1928. By 1938 confusion aris 
ing from the variety of dimensions 
in which the product was supplied 
had reached proportions which led 
to a request tor its standardization 
being entertained by ASA sectional 
committee B16. In view of the gen 
erally recognized need for establis! 
ing standard dimensions, the project 
was referred by the sectional com 
mittee to its subcommittee No, 3 
which organized a subgroup 01 
welding fittings and called a meet 
ing of those interested in December 
1938. Owing, however, to discord 


ant dimensions which necessitate 


changes in manufacturing equip 


ment by several manufacturers be 
fore an interchangeable product 
could be offered, some time has been 
required to effect satisfactory com 
promises and formulate a proposed 
standard for submission to sectional 
committee B16 and industry for a 
ceptance. 

As far as is known, the manufac 
turers of socket welding fittings 
have been 100 per cent represented 
on the working committee which 
formulated this dimensional stand 
ard and they have been unanimous 


in agreeing to conform. In som 


Fig. 1—Minimum requirements for 
socket and fillet weld dimensions 
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results were obtained with socket... . ered in the standard is deen 
joints (in 4, 8, 12 and 16 in. OD pipe). amply strong, particularly so wit! 
the range of 3 in. to 3 in. nomin,! 
pipe sizes to which the standard 
now confined. 

It is of interest to note that 
proposed standard for socket we 
ing fittings meets the following 
quirements quoted from the 194 


cases this has entailed a considerable 
sacrifice in scrapping existing tool 
equipment or in superseding or rele- 
gating to a special classification cer- 
tain lines of nationally advertised 
fittings. The manufacturers of this 
product are to be commended for 
the codperative spirit of give and 


|The parenthetical explanation was added 
by the writer as being readily apparent 
from the context.| 

With reference to the foregoing 
quotation and parenthetical observa- 
tion about “joining parts of equal 










































Ay , issue of the ASME Boiler © 
hxn—t- struction Code. 
i} rea Pe Socket type joint connections of pip.s 
ae moe ee ah ae ae to valves or fittings may be used provic: 
4 A jee the nominal pipe size does not exces 
t 





in.; the depth of the socket is not 

than '4 in.; the end of the pipe bet 
welding is not less than y¢ in. from 
hottom of the socket; the throat dim 

















Table 1 Dimensions of Socket Welding Elbows, Tees, and Crosses 


























sion of the fillet weld is not less than t 
Center B Socket Wall Thickness | Bore Diameter of Fitting thickness of the pipe wall; the hub thick 
ore . . 
ey any Siew ness is not less than 1'4 times the n 
—_— for Ells, - : : ; : inal pipe thickness; and the weld is not 
Size Tees, Socket Sched | Sched | Sched | Sched | Sched | Sched . 2 
. Crosses 40 80 160 40 80 160 in contact with the furnace gases 
The proposed new draft of the 
A K Cc D . . = ° 
American Standard Code for Pres 
3s “17 *0 690 | 0.156 | 0 158 0.493 | 0 423 » Pipine SA-B3 oO 
» ee 0.e00 | 0.156 | 0.158 |... | 0.493 | 0.423 | sure | iping (A; A-B 1.1 ) now 
4 4 1.065 | 0.156 | 0.193 | 0 273 | 0.824 | 0 742 | 0 614 under consideration sanctions fillet 
1? y 1.330 | 0.166 | 0.224 | 0.313 | 1.049 | 0.957 | 0.815 welds in the following language : 
1% 11. 1.675 | 0.175 | 0 239 | 0.313 | 1.380 | 1 278 | 1.160 — g languag 
1% 1% 1.915 | 0.181 | 0.250 | 0.351 | 1.610 | 1.500 | 1 338 (Section 624c) Fittings . . . . may lx 
2 1% 2.406 | 0.193 | 0.273 | 0.429 | 2.067 | 1.939 | 1.689 attached by fillet welds, provided the pip: 
2% 1% 2 906 | 0.254 | 0.345 | 0.469 | 2.469 | 2 323 | 2 125 ates ; Me ; 
3 2% 3.535 | 0.270 | 0.375 | 0 546 | 3.068 | 2.900 | 2 626 is inserted in the fitting and provided th 

















All dimensions are given in inches. 


Dimension “C” is 1'/, times the nominal pipe thickness, minimum. 
* This dimension applies to Schedules 40 and 80 only. 


take manifest by them throughout 
the whole affair. The standard al- 
ready has been put into effect by 
several of the manufacturers of 
socket welding fittings who have 
changed their equipment to conform 
and are now supplying their product 
to the proposed new dimensions. It 
is hoped that the piping trade in 
general will find the proposed stand- 
ard basically acceptable without al- 
teration beyond some possible minor 
revisions of dimensions. 


Fillet Weld Stronger Than Pipe 


While the chief interest in socket 
welded joints centers in small pipe 
below 3 in. nominal size, this type 
of joint has been used successfully 
in the OD pipe sizes and even for 
large diameter steel pipe for water 
and gas service, where such joints 
are termed “bell and spigot.” Ac- 
cording to a published report made 
in 1928 to the American Gas Asso- 
ciation by its subcommittee on pipe 
joints: 

The simple butt welded joint is the 
most efficient (for joining parts of equal 
thickness) and is recommended for use in 
welding (large) pipe. . Very high 
strength and nearly equally satisfactory 
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thickness” it is significant to call at- 
tention to Fig. 1 of the proposed 
standard wherein it is provided that 
the thickness of the socket C shall 
be at least 1% times the pipe wall 
thickness and that the throat of the 
weld shall be at least 0.8 C, which 
makes the throat equal to the pipe 
wall thickness. The intent of this 
provision is to insure having the 
fillet weld as strong as the pipe. 
Some extra margin is available in 
small size pipe where the conoidal 
area through the throat of the weld 
is considerably greater than the an- 
nular section through the wall of the 
pipe owing to the greater circumfer- 
ence of the former. As an added 
precaution in obtaining strong 
joints in Schedule 40 pipe smaller 
than 1 in. nominal size, it is re- 
quired that the thickness of socket 
shall in no case be less than 5/32 in. 

Numerous tests have demon- 
strated that the strength of socket 
welds having an area of throat at 
least equal to the area of pipe wall 
surpasses that of the pipe both un- 
der bursting pressure, and under 
combined tensile and shear tests. 
Hence the design of fillet weld cov- 


fillet welds meet the requirements of Fig 
11. [Fig. 11 is the same as Fig. 1 1 
produced here im connection with th 
Proposed American Standard for § 
Welding Fittings.] 


Basic Dimension 
Center to Bottom of Socket 


Owing to conflicting opinions 
among manufacturers concerning 
depth of socket, some difficulty was 
encountered at the outset in settling 
on a generally acceptable basis fo 
overall dimensions. The following 
possibilities were considered: (a) 
Centerline of fitting to bottom o! 
socket. (b) Centerline of fitting to 
end of pipe used with fitting. (c) 
Centerline of fitting to outboard end 
of socket. 

After much discussion possibilit) 
(a) was settled on as the most log! 
cal since, from the standpoint of the 
user, this dimension governs the lo 
cation of the fitting with referenc 
to the entire piping layout. Dith 
culty in arriving at a standard <i 
mension for center to bottom o! 


tFor test results see: (a) Application 

Welding for Piping and Pipe Fittings, bur« 
of construction and repair, CF S. Navy tech: 
cal bulletin No. 7-29, October, 1929. (b) ! 
vestigation of Gas and Arc Fillet Welds 
Piping, by Irving H. Carlson and Eric 

Seabloom, American Welding Society paj 
October, 1940, published in The Welding f 
gineer, November, 1940, pp. 846-854. 
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socket due to difference in existing 
manufacturing practice was the oc- 
casion for considering possibilities 
(b) and (c). Neither of those al- 
ternates was deemed a satisfactory 
substitute, however, since gaging 
and inspection would be awkward 
for (b), while (c) failed to estab- 
lish for the user a length of pipe 
suiting different brands of fittings 
having varying depths of socket. 

Hence it was finally agreed, at 
the expense of having to discard 
some manufacturing equipment, to 
standardize on the centerline of fit- 
ting to bottom of socket as the basic 
dimension and let the end of the 
socket extend over the pipe by vary- 
ing amounts corresponding to the 
depth of socket desired by the in- 
dividual manufacturers. Although 
the depth of socket, within reason- 
able limits, was considered unim- 
portant by most users, considerable 
manufacturing equipment and some 
sales effort had been devoted by 
certain manufacturers towards fur- 
thering shallow or deep sockets ac- 
cording to their individual prefer- 
ences. 

Adoption of the centerline of fit- 
ting to bottom of socket principle 
was coupled with a proviso that the 
sockets must be at least as deep as 
the minimum dimension prescribed 
in section 7(b) of the proposed 
standard. This left the way open 
to accommodate the preferences of 
those manufacturers who advocated 
some particular depth of socket, and 
at the same time made all brands of 
fittings interchangeable from the 
users’ standpoint. Incidentally, for 
any given pipe size, all weights of 
fittings (viz., Schedules 40, 80 and 
160) have the same dimensions for 
diameter of socket bore, for center 
of fitting to bottom of socket (ex- 
cept for 45 deg elbows), and for 
minimum depth of socket. As 
might be expected this leaves only 
the wall thicknesses of fitting and 
socket, and the bore diameter of the 
fitting proper to vary with the 
schedule number. 

The foregoing features are illus- 
trated in Fig. 2, a photograph of 
four 1% in. fittings (reduced to 
about two-thirds actual size) which, 
after welding stub ends of pipe into 
one socket of each fitting, have been 
sawed in two longitudinally and 
etched. Fittings 4 and B both are 
Schedule 40 but of different makes, 


thus serving to show permissible 
differences in depth of socket and 
wall thickness which are contem- 
plated within the scope of the 
standard. Schedule 40, 80 and 160 
fittings of a single make are illus- 
trated in B, C and D, respectively. 
Here can be observed identical cen- 
ter line to bottom of socket dimen- 
sions, and identical socket bores, 
but progressively smaller bores in 
the fitting proper. Incidentally, for 
Schedule 160 fittings, this manufac- 
turer uses sockets considerably 
deeper than the minimum dimension 
specified alike for all weights em- 
braced in the standard, This is ap- 
parent in comparing fitting D with 
B and C. Likewise, fitting A of a 
different make has a slightly deeper 
socket than B and C. 

Attention is directed also to the 
attempt made in preparing the 
welded specimens to maintain the 


duced here will appear in the ap 
pendix to the standard.) The wall 
thickness of fittings myst be equal 
to or greater than the wall thickness 
of the designated pipe schedule 
Rules for establishing the strength, 
and indirectly the metal thickness, 
of fittings through test of pilot fit 
tings are set forth in detail in sec 
tion 6 of the proposed standard. 
Pressure ratings of welding fittings 
can be determined only indirectly 
through use of the S values for pipe 
under various service conditions as 
established in the American Stand 
ard Code for Pressure Piping and 
the ASME Boiler Construction 
Code. This is in keeping with pres 
ent day ideas on suiting ratings to 
the great variety of service condi 
tions and materials now encoun 
tered. By way of identifying these 
new fittings with familiar old pipe 
designations, it is of interest to re 









































of Socket Half Socket W { Pitt 

tor 45 Dee ills Couplings, Couplings Bore et Wall Thickness Bore Diameter of Fitting 

it ce Bottom Diam- 

Nominal paneen Socket to eter 
Pipe Sched | Sched jams te Sched | Sched | Sched | Sched | Sched | Sched 
Size 40 and 80 160 of Sockets ace Socket 40 80 160 40 80 16) 

a 7 F B c D 
4 5A *\%, Ihe 0.690 | 0.156 | 0.158 0.493 | 0 423 

% M% As 45 Hi 0.855 | 0.156 | 0.184 | 0.234 | 0 622 | 0.546 | 0.466 
% ”s 4 35 15h6 1.065 |] 0.156 | 0.193 | 0.273 | 0.824 | 0.742 | 0.614 
1 \% 5, % 1% 1.330 | 0.166 | 0.224 | 0.313 | 1.049 | 0.957 | 0.815 
1% Sy ‘4 %y 1 346 1.675 | 0.175 | 0.239 | 0.313 | 1.380 | 1.278 | 1.160 
1% % 1346 uy 1% 1.915 | 0.181 | 0.250 | 0.351 | 1.610 | 1.500 338 
2 16 1% % 1146 2.406 | 0 193 | 0.273 | 0.429 | 2.067 | 1.939 | 1.689 
2% i 1y% % L146 2.906 | 0.254 | 0.345 | 0.469 | 2.469 | 2.323 | 2.125 
3 1% 14% % 1% 3.535 | 0.270 | 0.375 | 0.546 | 3.068 | 2 900 | 2 626 


























All dimensions are given in inches. 


“C” is 1"/, times the nominal pipe thickness, minimum. 


Dimensi 
* This dimension applies to Schedules 40 and 80 only. 


required 1/16 in. spacing between 
the pipe end and bottom of socket, 
and to get the full O.8C throat di- 
mension across the weld as shown 
in Fig. 1 of the proposed standard. 
| Fig. I of the proposed standard is 
reproduced here also as Fig. 1.| 


Service Ratings 


It is intended that socket welding 
fittings shall be as strong as the cor- 
responding pipe of the designated 
schedule number. (Table 3 repro- 
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call that Schedule 40 agrees approx 
imately with standard weight pipe, 
and Schedule 80 with extra strong. 


Material Specifications 


\ccording to section 5 of the pro 
posed standard, the material of 
wrought fittings shall be in accord 
ance with ASTM _ specification 
A234, and of cast fittings in accord 
ance with ASTM specification A216 
for welding grade carbon cast steel 
or A217 for welding grade alloy 
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cast _ steel. In this standa 
“wrought” is used to denote fitti: 
made of pipe, tubing or forgings 
Specification A234 for Fact 
Made Wrought Carbon Stee! 
Carbon Molybdenum Steel Weld 
Fittings was first issued by 
ASTM as a tentative specificat 
A in 1940. Formulation of this sp: 
fication was begun by the ASTM 
1937 as a companion job to 
ASA dimensional standard for } 
welding fittings which was start 
about the same time. Later 
scope of the materials specificat 
was extended to embrace soc! 
welding fittings as well. The st 
of ASTM specification A234 
Chairman J. J. Kanter of the s: 
committee which formulated it 
peared in HEATING, PIPING 
Atk CONDITIONING for April 
May, 1941, 


Hydrostatic Testing 


For pressure containing parts, 
drostatic testing often is consider 
more significant than tensile testing 
of the material itself; this is parti 
ularly pertinent where a_ non-d 
structive test is desired in order 
obviate having to cut up the finish 
article in obtaining tensile test sp 
imens. The materials specificati 
already referred to contemplate t! 
only material of a given qua! 
whose properties are determined 

C chemical analysis and tensile testing 
shall be used in the manufactur 
factory made welding fittings. F\ 
ther tensile testing of the finishe 
welding fitting is deemed supert! 
ous. Routine hydrostatic testing 
wrought welding fittings is not 
quired by the proposed standard 
although on special agreement | 
can be tested according to rules la: 
down in section 8. All cast welding 
fittings must be tested as provided 
in ASTM specification A216 
A217. 

As stated in section 6 of the 
posed standard, however, the actu 
bursting strength of each manuta 
turer’s line of fittings must be ¢ 
termined in advance of going on | 
market through hydrostatic tests 


Fig. 2— Proposed American Standard 
socket welding fittings, 144 in. nominal 
pipe size, etched sections about tw: 
thirds actual size. Fitting A, Schedul: 
40, Manufacturer 1. Fitting B, Sehed 
ule 40, Manufacturer 2; Fitting | 
Schedule 80, Manufacturer 2; Fittine 
D, Schedule 160, Manufacture! 
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pilot fittings of each size, schedule 
and type. To insure adequacy of fit- 
ting design, the actual bursting 
strength of fittings must be demon- 
strated to equal the computed 
bursting strength of pipe of the des- 
ignated schedule number and mate- 
rial. 
Standard Fitting Types 


As indicated in connection with 
fables 1 and 2 of the proposed 
standard, which are reproduced 
here, the types of socket welding fit- 
tings so far standardized are 90 deg 
elbows, 45 deg elbows, tees, crosses, 
couplings and half couplings. Re- 
ducing sizes are contemplated and 
shall have the same centerline of 


to await on issuance of the proposed 


standard and development of a 
greater public demand for them. 


Other Items Within Scope 
of Proposed Standard 


The scope of this standard is 
stated to cover overall! dimensions, 
tolerances and marking for socket 
welding fittings. Actually, the full 
scope embraces finish, minimum re- 
quirements for socket and fillet weld 
dimensions, and testing as_ well. 
Most items within this full scope 
already have been discussed in this 
article or are explained in full de 
tail in the proposed standard. Le 
yond this, some mention should be 
made of the fact that socket welding 


Table 3 


Dimensions of Welded and Seamless Steel Pipe (ASA B36.10-1939) 






































Nominal — Nominal Wall Thicknesses for Schedule Numbers 
sa Diam- | Sched | Sched | Sched | Sched | Sched | Sched | Sched | Sched | Sched | Sched 
eter 10 20 30 40 60 80 100 120 140 160 
% 0.405 0 068 0 095 
1 0.540 0 088 0 119 
% 0 675 0 091 0 126 
1 0 840 0 109 0 147 0 187 
# 1.050 0 113 0 154 0.218 
1 1.315 0 133 0.179 0.250 
1% 1.660 0140 0 191 0 250 
1% 1.900 0.145 0 200 0 281 
2 2.375 0 154 0 218 0.343 
2% 2 875 0 203 0.276 0.375 
3 3.5 0 216 0 300 0.437 
3% 40 0 226 0 318 
4 45 0 237 0 337 0.437 0.531 
5 5.563 0 258 0.375 0.500 0.625 
6 6.625 0 280 0 432 0.562 0.718 
s 8 625 0.250 | © 277 | © 322 | 0 406 | © $00 | 0.593 | 0 718 | 0812/0 
10 10.75 0.250 | © 307 | © 365 | @ 500 | 0.593 | 0 718 | 0.843 | 1 000] 1.125 
12 12.75 0.250 | 0.330 | 0. 406'| 0. 562'| 0.687 | 0.843 | 1.000 | 1.125 | 1.312 
1440D 14.0 0.250 | 0.312 | 0.375 | 0 437 | 0.593 | 0.750 | 0.937 | 1.062 | 1.250 | 1.406 
16 OD 16.0 0.250 | 0.312 | 0.375 | 0.500 | 0.656 | 0.843 | 1.031 | 1.218 | 1.437] 1 2 
18 OD 18.0 0.250 | 0.312 | 0.437 | 0.562 | 0.718 | 0.937 | 1 156 | 1.343 | 1.562] 1.750 
20 OD 20.0 0.250 | 0.375 | 0.500 | 0.593 | 0 812 | 1 031 | 1.250 | 1.500 | 1.750 | 1.937 
240D 24.0 0.250 | 0.375 | 0.562 | 0.687 | 0.937 | 1.218 | 1.500 | 1.750 | 2.062 | 2.312 
30 OD 30.0 0.312 | 0.500 | 0.625 











All dimensions given in inches. 


The decimal thicknesses listed for the respective pipe sizes represent their nominal or average 
wall dimensions. For tolerances on wall thicknesses see appropriate material specifications. 

Thicknesses shown in bold face type in Schedules 80 and 40 are identical with thicknesses for 
“standard weight” pipe in former lists; those in Schedules 60 and 80 are identical with thicknesses 


for “extra strong” pipe in former lists. 


Reprinted from American Standard for Wrought-Iron and Wrought-Steel Pipe, ASA B36.10-1939. 

‘Owing to a necessary departure from the old “standard weight" and “extra strong” thicknesses 
n these two sizes, the new thicknesses are not as yet stocked by all manufacturers and jobbers 
Hence, where agreeable to the purchaser and suitab'e for the service conditions, the old “standard 
weight” 0.375 in. wall pipe corresponding to a 1000 P/S valve of 87.7 is still available and can be 
substituted for the 6.406 in, wall, and the o'd “extra strong” 6.500 in, wall pipe corresponding to 
a 1000 P/S value of 55 can be substituted for the 0.562 in, wall. 


fitting to bottom of socket dimen- 
sion as the largest size of the reduc- 
ing fitting. The members of sub- 
group No. 6 are aware of a consid- 
erable interest in having standard- 
ized the center to bottom of socket 
dimension of laterals and valves 
having socket welding ends. It was 
the consensus, however, that stand- 
ardization of these items would have 


fittings are intended to match the 
commercial accuracy in dimension 
of the pipe with which they are used. 
Hence, considerable thought has 
been given to specifying pertinent 
dimensions, to calling for finish 
where required for accuracy of fit 
or facility of welding, and to estab- 
lishing reasonable tolerances on all 
dimensions. 
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Acceptance by Industry 


Following unanimous approval by 
the membership of subgroup No. 6, 
page proof copies of a te ntative draft 
of the Proposed American Standard 
for Socket Welding Fittings (ASA 
16.11-) have been submitted to all 
members of ASA sectional commit 
tee B16 and to about 100 firms rep 
resentative of industry or concerned 
with the manufacture or use of the 
product. If criticism for improving 
the standard is forthcoming, it will 
be considered by the various com 
mittees concerned and incorporated 
where practicable in a revised draft 
Should anyone reading this article 
wish to comment on any require 
ments of the tentative draft, his 
ideas will be welcome if addressed 
to Subgroup No. 6 on Welding Fit 
tings in care of the American So 
ciety of Mechanical Engineers, 29 
W. 39th St.. New York, N. Y \s 
noted on p. 419 of the July HP AC 
copies of the proposed standard may 
be obtained from the ASM! 





HEAT FLOW 
THROUGH SUNLIT WALLS 


Parts 4 and 5 of a series of articles 
by Professor C. ©. Mackey and 
™ Wright, qt of the Sibley 
school of mechanical engineering at 
Cornell university on [Estimating 
Heat Flow through Sunlit Walls 
have been issued as reprint No. 14 
by the Engineering Experiment Sta 
tion. 

The first three articles, collected 
in a previous reprint, set forth a 
rational method of determining the 
contribution to the cooling load of 
solar radiation and air temperature 


differences at different hours of the 


day, as applied to walls facing north, 
east, south and west. The two col 
lected in the new reprint present 
graphs and tables for walls facing 
northeast, southeast, southwest and 
northwest, and also compare the re 
sults of the Mackey and Wright 
nethod with those obtained from 
methods previously employed 

Materials considered are brick, 
masonry, concrete, and wood frame 
with various types of insulation. Re 
prints are available without charge 
on request to the Engineering x 
periment Station, Cornell Univer 
sity, Ithaca, N. Y. 
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Sixty-five subcontractors, themselves re- 
quiring services of hundreds of sub-sub- 
contractors, are represented in the smoke- 


ARSENAL 


“War is no longer Samson with his 
shield and spear and sword, and David 
with his sling; it ts no longer selected 
parties representing nations as champions, 
conflict with the 
conflict of smokestacks 
now, of the driving wheel and the en- 
yine.”"—Newton D. Baker, 
Undersecretary of War Robert P. Pat- 
terson in a recent address. 

HE first two of an ultimate 

six production lines at the 

Charlestown, Ind., Ordnance 
Works recently went into produc- 
tion for the “conflict of the smoke- 
stacks.”” When complete, this “ar- 
senal of democracy” will be the 


and im one 


ther; it is the 


physical 


quoted by 


largest smokeless powder 


world’s 


—for the Confl 
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less powder plant at Charlestown, Ind., 
15 miles north of Louisville, Ky. This 
chart shows points in the United States 


OF DEMOCRACY 


for this essential but “no 


will have capacity to 


sufficient 


plant and 

manufacture 
quantity to supply the needs of an 
army of over 1,000,000 men. 
Smokeless powder is known as a 
“propellant”, and furnishes the force 
to propel a shell from a gun—as 
contrasted with the explosive in the 


powder in 


shell, which does its work at the 
shell’s destination. Briefly—very 
briefly smokeless powder is mitro 


cellulose obtained by the addition of 
nitric acid to cellulose. 

The Charlestown plant is of per- 
manent construction, and is de- 
signed to supply the needs of our 


army—even after the present emer- 





which have supplied material and work 
Visitor 


ers for the project. A_ recent 


saw cars from 36 states in the parking lot 


gency 
commercial” item of ordnance 
longer need smokeless powder 
considered the most 


serious bott! 


{ 


neck in America’s defense progran 


suilt by E. 





' 
« 


I. du Pont de Nemours 


& Co. for the army, in cooperatio 


with a skilled group of army 
nance department engineers and « 
perts under the direction of Lieut 
ant-colonel R. E. Hardy, it will 
operated for the army by the 


Pont company on a fixed fee basis 


Site of the huge plant, w 
comprises some 600 buildings, 
5500 acre tract about 15 miles | 


Louisville, Ky., which ul 
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of Smokestacks 




















uind was broken last September 
was corn field and tobacco patch. 
tal cost of the plant will be ap- 
proximately $90,000,000 when com- 
pleted, and 9000 employees will be 
required for full operation. In ad- 
dition to the six big production lines 
and the magazines, the major build- 
ings of the plant include a hospital, 
cafeteria, sewage treatment plant, 
telephone exchange, administration 
building, guard staff garage, fire 
house, ballistics laboratory, ord- 





WORLD'S LARGEST POWDER PLANT WILL SUPPLY 
NEEDS OF AN ARMY OF OVER 1,000,000 MEN 





the plant’s main entrance—a village 
whose backyards have been packed 
hub to hub with trailers used for 
housing hundreds of the construc 
tion workers. Other thousands of 
workers come to the job each day 





Shipping house, with barricade to isolate effects of a possible explosion 


nance inspectors’ laboratory aud 
various field laboratories. 

The site was chosen to be far 
enough inland to be relatively safe 
from bombing attack from the air, 
near enough to draw upon the in- 
dustrial populations of Louisville 
and nearby Indiana cities, and far 
enough from metropolitan areas to 
present no hazards to civilians. The 
little town of Charlestown has be 
come a relatively small collection of 
buildings across the highway from 
ARSENAL When completed, the 
Charlestown, Ind. Ordnance Works 
near Louisville, Ky.—will be the world’s 
largest smokeless powder plant. Of per- 
manent construction, it will have capacity 
to supply the needs of an army of over a 
million men for this essential “non-com- 
mercial” item of ordnance . .. The power 
and process and heating steam require- 
ments of this huge manufacturing estab- 
lishment are furnished by two large 
power plants fired by pulverized coal. 
Many miles of piping steam, water, 
hydraulic, refrigeration, process, ete. 
are required. Heating of the manufac- 
turing buildings is generally by unit 
heaters. Air conditioning is essential in 
the ballistics laboratory, where closed 
bomb tests are run, in order to assure 
accuracy of delicate measuring opera- 
tions. There are extensive air handling 
systems for drying, and for recovering 


: : 
solvent, at several points in the process 


Hexrinc, Paring anp Am Conpirionine, 


by work trains, automobile, bus and 
truck. 

The plant site also has the ad 
vantages of good rail and road 
transportation, accessibility to raw 
materials, and the Ohio River for 
water supply if needed, and waste 
disposal. Cotton linters can be 
transported by rivet from the 
South, a new government ammonia 
plant is also being built near Louis 
ville, and large sulphuric acid 
plants are situated in Tennessee. 


Alcohol and ether are also availabl 


in the Midwest 

The output of the Charlestow: 
plant will go to a bag loading plant 
being built on an adjacent tract, and 
to shell loading plants in Indiana 


Ohio, Illinois and Iowa 


Power and Steam 


Che power and process and heat 
ing steam requirements of the or 
nance works are to be supplied by 
two large power plants—one wit! 
five 160,000 Ib per hr units and the 
other with six such units—generat 
ing steam at 550 psi, and fired | 
pulverized coal 

\ll water for the power plants 
treated by the zeolite process and 
degasified. Continuous blowdow: 
used on the boilers. Make-up is 95 
per cent. 

The water requirements of the 
ordnance works approximately 
three times those of the nearby city 


of Louisville—are to be furnished 
ay | 7 


v seven collectors of the radial wt 


tvpe. The water (63,000,000 gal per 


day) is carried 2 i miles to the 


plant by several 36 in. cast iron ce 
ment lined mains, where it is stored 
in two 5,000,000 gal reservoirs and 


in three special 150,000 gal reser 


One of the two power plants serving the Charles- 
town Ordnance Works, shortly before completion 
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voirs—one for fire protection, and 
the other two for the power plants. 
The water is of uniform tempera- 
ture the year around, and has a low 
iron content. 


Piping Services 


Many miles of piping are re 
quired throughout the plant. Steam 
at 150 and 50 psi is distributed for 
process and heating from the power 
houses in gas or arc welded piping, 
both welding methods being used. 
Brine is piped from a central am- 
monia refrigeration plant for cool- 
ing jackets on autoclaves. There are 
3500 psi hydraulic power lines, air 
lines, water lines and process pip- 
ing of stainless steel, lead and other 
metals for various materials—which 
include caustic, ether, alcohol, acids, 
recovered solvent, ete. 

Much of the larger size piping 
(12 in. and over) was prefabricated 
in the East and shipped to Charles- 
town. 


Heating 


Heating of the manufacturing 
buildings is generally by means of 
suspended unit heaters supplied by 
50 psi steam from the power plants 
which is reduced to 30 psi or less. 

In the buildings in the administra 
tive area, convectors under ther- 
mostatic control or direct radiation 
are used for heating. One of the 


buildings in this area uses steam at 
2 psi pressure and the others use 
30 psi steam, supplied from the 
power plant. 

The cafeteria is heated by unit 
ventilators. 

None of the condensate is re- 
turned to the boilers. 


Air Conditioning 


There is little air conditioning 
equipment at this powder plant, but 
an installation in the ballistics lab- 
oratory is of unusual interest and is 
essential to the studies carried on 
there. 

It is of course absolutely essential 
to have complete and accurate infor- 
mation about the characteristics of 
the smokeless powder produced. In 
this laboratory, the closed bomb test 
is used to determine what the pow 
der will and will not do; a small 
sample of the powder is burned in 
a closed vessel and the pressures so 
generated are measured. Thus, the 
performance and characteristics of 
the powder can be predicted. 

The pressures are measured elec 
trically and it is for this reason that 
air conditioning is required. It is 
necessary—for accurate measure 
ment—to maintain momentarily a 
static condition in the amplifier cir 
cuit. As humidity variations would 
affect the electrical circuit, air con 


Some of the piping services during installation 
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ditioning equipment is install 
maintain a relative humidity “n 
exceed 70 per cent” at 75 F dry 
temperature, 

The ballistics laboratory also 
a firing range where small amn 
tion is tested by firing from g¢g 
This firing range 
room—is heated by pipe coil ra 
tion on the two long walls, w 


a long nat 


is under thermostatic control in 
der that fairly constant temperat 
of the air can be maintained. ( 
siderable variations in temperat 
of the air in the firing range n 
affect the accuracy of the tes 
sults. 

The firing range has double ir 


locked panels over the apertu 


through which the bullets pass 
the sake of safety. The ext 
door at the target end is also iy 
locked with these panels so that 
one can step into the line of 
from the outside. The valves 
the thermostat on the side walls 
protected from wild bullets by s 
projecting plates of steel. 


Welded Duct Work 


No attempt is made in this 
cussion to describe details of 
manufacturing processes at 
Charlestown works 
would of course come unde 


head of military or commer 


many ot 


secrets. For the same reasor 
photographs inside any of the bu 
ings could be taken. 

As the powder approaches 
final form, an important step 1 


process is the removal of a consid 
able amount of ether-alcohol solve: 


The powder is placed in dry 
chambers while warm air heated 
blast coils is forced through 
product in a continuous cycle, 
solvent being condensed when 


air stream is passed over coolti 


coils. The air is then reheated 

Special duct systems of this | 
comprise several million pounds 
sheet metal. The ducts must lx 
air tight as possible and the com 


tions are therefore welded. Mu 


of this duct work was prefabrica 
in an eastern plant and shipped 
Charlestown in this form, in or 
to speed up the work. 

Final drying operations for 
moval of the last traces of sol 
involve extensive installations 


fans, duct work and heating « 
using all outside air. 
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FUEL ECONOMY IN OIL FIRED PLANTS 


Kalman Steiner Reviews Methods of 


HE President of the United 
States has proclaimed an 
unlimited emergency, and has 
called upon all citizens to assist in 
a mighty defense movement that can 


be successful only if it receives the 


unceasing codperation of each of us. 
Chief among the immediate needs 
of the nation is a concerted effort 
to direct our vast resources toward 
vital defense production, so that our 
armed forces may be equipped with 
the tools they require to become 
invincible. Outstanding among the 
materials essential to industrial pro- 
duction is fuel. Except for a rela- 
tively small amount of water power, 
we are completely dependent upon 
fuel to keep our factories working 
and our buildings warm. It is most 
important that those charged with 
the use of this prime material exert 
every possible thought and effort 
toward conserving it. Operating 
engineers, obviously, can do more 
than any other group to reduce the 
consumption of fuel to a minimum. 

The subject of fuel economy is 
not new to the operating engineer. 
Most engineers have familiarized 
themselves with what is considered 
good practice and have tried to keep 
abreast of mechanical developments 
and engineering progress. The liter- 
ature dealing with the subject is 
extensive. A short article could not 


begin to cover even the fundamen- 
tals in a detailed way. Instead, this 
article will present a review of the 
basic concepts, and point out the 
directions in which effort can be 
expended with profit to bring about 
significant fuel savings. While much 
of the information given here could 
be applied to all fuels, it is intended 
primarily for oil fired plants. 

In general, two broad classifica- 
tions can be made: economies in 
steam generation and economies in 
steam utilization (or the equivalent 





FUEL ECONOMY—Much of the stress 
placed on us by the demands of our 
“all out” effort for national defense pro- 
duction can be relieved by the elimina- 
tion of waste and by improved efficiency. 
Outstanding among the materials re- 
quired for defense work is fuel, and it 
is therefore of prime importance that 
those responsible for its use exert every 
possible effort toward its conservation. 
Mr. Steiner—of the Ace Engineering Co. 
—reviews the methods of conserving fuel 
used for steam generation in oil fired 
boiler plants; much of the information 
he gives could be applied to other fuels 
as well... . To make steam at the great- 
est efficiency, five considerations must be 
given attention: (1) maintenance of 
mechanical equipment; (2) firebox 
maintenance; (3) prevention of firebox 
lesses; (4) control of the combustion 
process; (5) high rates of heat transfer 
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in hot water heating systems). In 
other words, the objectives should 
be to make cheaper steam (or hot 
water), and to use less of it. 


Five Considerations 


To make steam at the greatest 
possible efficiency, five topics must 
be given consideration: (1) mainte 
nance of mechanical equipment, t. ¢., 
burners and accessories; (2) main 
tenance of firebox, (3) prevention 
of firebox losses; (4) control of the 
combustion process ; and (5) attain 
ment of high rates of heat transfer 
in the boiler. 

It is the function of the oil burner 
system to prepare the oil for com 
bustion by first bringing it to the 
proper temperature and pressure 
and then by introducing it into the 
firebox in a suitable physical state 
and mixed with adequate air so that 
good combustion can result. Each 
separate piece of equipment in the 
burner system has bearing on the 
ultimate success of the combustion 
process. 


Oil Pumps 


Oil pumps establish and maintain 
the flow of oil to the burners. 
Pumps should be kept in good 
working order. Worn pumps will 
not keep a constant flow or a con 
stant pressure ; therefore worn parts 
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in the pump should be replaced 
when necessary. Pump packing, or 
pump seals, whichever may be used, 
have to be tight to avoid air being 
drawn into the oil stream. Air 
leaking into the pump results in 
pulsing flow and uneven delivery at 
the burners. The strainer ahead of 
the pump is intended primarily to 
protect the pump from foreign mat- 
ter borne in the oil. These strainers 
are important and should be cleaned 
regularly and maintained in good 
condition. 


Oil Heaters 


From the pumps oil passes to the 
oil heaters. Onl heaters are heat 
exchangers; the heat transfer rate 
for which they were designed cannot 
be attained if the surfaces are fouled. 
On the oil side, accumulations of 
carbon can be expected over a 
period of time, and a well designed 
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heater has provision for cleaning 
of the tubes. On the heating me- 
dium side, a deposit is not likely to 
form when steam is the heating 
medium, but when hot water fur- 
nishes the heat care must be exer- 
cised to prevent heavy accumula- 
tions of scale. The subject of scale 
formation is discussed below at 
greater length. 

There are two important factors 
dependent upon oil temperature: in 
many burners the rate of flow 
through the burner changes with the 
oil viscosity, which is of course a 
function of the temperature, and the 
ability of the burner to break up 
or atomize the oil effectively is 
impaired at too low a temperature, 
also because of increased viscosity. 
So it is quite important that the 
heaters do their job of bringing the 


oil to proper temperature. 
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Instruments and Control. 


The effectiveness at which pu 
and heaters are working is ust 
indicated by gages and therny 
ters, and the manner in which 
work is determined by pres 
and temperature regulating dey 
Needless to say, the only chec! 
pump and_ heater perform: 
other than improper combus 
will be the readings of the in 
ments, and the only control li 
the accuracy of the pressure 
thermal mechanism, so it is onl 
part of common prudence to v 
the performance of these i 
ments and controllers at reg 
intervals. 

It is worthy of note that 
old style burner installations 
have marked improvement eff« 
in accuracy of control by subst 
ing modern viscosity compensat 
for outmoded pressure relief \ 
and needle valves. One of the p 
stressed by the Oil Burner Instit 
in its pledge of coOperation to 
Coordinator Ickes, is that th 
ciency of older installations will 
brought up to present day standa: 
A good place to begin modern 
tion is in the control of oil fe 
Since constant air-oil ratio is fu 
mental to combustion efficiency 
oil must be metered accurate! 
start with, or constancy of the 
air ratio is hopeless. The n 
of air flow control will be menti 


below. 


Nozzle or Atomizer 


‘ 


The final handling of the o1 
the nozzle or atomizer This 
be kept smooth and clean. Proy 
atomization cannot be expected 
fouled or ragged atomizer. Sm 
carbon formation and wasteful cor 
bustion are bound to result f: 
neelect of this vital part of 
burner system. Should ther 
any indication that such a 
is worn, it should be rep! 
promptly. Usually, a new atom 
or new nozzle costs only 
dollars—while a drop off in 


Checking combustion and draft shoul 
become a daily routine; testing sets nee 
not be expensive, may repay big dividend: 


4] 





The subject of fuel economy is not new, 
but now becomes increasingly important 
to everyone concerned with running a 
factory or heating any type of building 


ciency of only 1 per cent by reason 
of poor atomization can in a short 
time amount to hundreds of dollars. 
But proper care of the atomizer will 
assure years of useful service 
from it. 

Oil burners employing fans on the 
mainshaft for furnishing primary or 
atomizing air should have these 
fans, and the associated passages, 
inspected frequently because grease, 
lint and other debris settle out from 
the air and gradually tend to cloz 
the fan and passageways. This 
restriction rapidly reduces fan ca- 
pacity and in turn results in smoky 
and inefficient fires. 


The Combustion Chamber 


Once the oil has been injected 
into the firebox, assuming the atomi- 
ation and air admixture are proper, 
t remains for the firebox and draft 

do the rest. As most operating 
nen know, the principal function of 
the combustion chamber is to pro 
vide a hot environment in which the 
oil may burn. But another impor- 
tant feature of the firebox construc- 
tion is the introduction of secondary 
ir (except in the register type 
burner, where all air is brought in 
as a single stream surrounding the 
nozzle). Furthermore, there is often 
opportunity to use a design that 
will have the combined effect of 
insulating the firebox floor and pre 
heating the secondary air. Except 
lor the register type burner, sec- 
mdary air is brought into the fire- 
box through one or more ports in 
or near the floor. These ports must 
be kept clear of carbonized oil and 
lused firebrick. Checkerwork some- 
times becomes overheated and some 
of the brick or tile break, the pieces 
falling into the air passages, ob- 
structing and altering the air flow. 

When a firebox must be repaired 
or rebuilt, thought should be given 
'o the possibility of making changes 
will improve the combustion. 
(he engineer may find it advisable 
© consult with a representative of 
¢ burner manufacturer to ascertain 








whether such changes are feasible 
Especially will this be true of older 
installations, for the two reasons 
that design methods may have 
changed since the original firebox 
was built and additional load may 
have been placed on the boiler since 
the original installation was made, 
requiring additional combustion vol 
ume. The writer will be glad to 
give assistance to any engineer who 


would like advice on this subject 


How Heat Is Lost 


The purpose of liberating heat in 
the firebox is to provide a means of 
making steam. It is the hope that 
as much as possible of that heat will 
pass through the heat transfer sur 
face of the boiler to be absorbed 
There are three ways in which heat 
may be uselessly dissipated instead 
of being absorbed. The most appar 
ent is the heat carried away in the 
combustion gases. The second is 
by. transfer to the boiler setting and 
to the air surrounding the boiler. 
The third is by cooling ot the fire 
box and boiler water during burner 
off periods. The first loss can be 
minimized by proper combustion 
control, discussed below. The sec 
ond can be reduced by means of 
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suitable insulation around the fire 
box refractory and around the boile: 
itself, The third is a question of 
burner control. 
Refractories 

Marked progress has been mace 
in recent years in the development 
of refractory insulators. There are 
now many kinds available, to suit 


almost any operating conditior 


Some can be exposed directly to the 
fire, and are in fact insulating fire 
brick Some are intended as back 
ing behind the  firebrick Really 
significant savings can be made in 
rebuilding old fireboxes by employ 


ing some type of insulator 


Air Flow Through Boiler 


Many automatic burner installa 
tions have been made in heating and 
] 


process boiler plants under a 


i 
arrangement that stops the burner 
at maximum steam pressure and 
restarts it at minimum pressuré 
Each time this cycle is repeated a 
considerable amount of heat can 
wasted through the alternate coo! 


ing and reheating of the firebrich 


and the boiler water. Two recom 
mendations are offered to overcome 
this. Modulating control combined 

483 

















with the full automatic system will 
greatly reduce the number of stops 
and starts; but when the minimum 
fire still makes more steam than 
needed, the burner will stop com- 
pletely, at which time the flow of 
air through the boiler should be 
checked by closing of the secondary 
air port or uptake damper, or both. 


Draft Control 


The maintenance of combustion 
efficiency can be summarized in the 
few words already used above 

keeping a constant oil-air ratio. 
Excess air taken into the firebox 
over actual combustion requirements 
in turn is heated from the entering 
temperature to the stack tempera 
so represents a definite 
A simple way to check 


ture, and 
loss of heat. 
excess air is by means of a baro- 
metric draft controller installed on 
the breeching or at the base of the 
stack. Other types of draft control 
are of course available, of greater or 
less degree of complexity. In the 
larger installations, the draft control 


ROUND 


When the Lehigh Valley 
road’s East Buffalo round house was 
originally built, a central heating 
system was installed to supply heat 
and steam pressure to several build- 
ings—the round house itself, a large 
shop, and storage and hoist sheds. 
The central heating system had four 
300 hp high pressure boilers which, 
in addition to heating, generated 
steam to supplement the built-in, 
forced draft blowers 
when fires were started in the loco- 
motive fireboxes. About a year ago 
the railroad discontinued the use of 
these separate buildings and moved 
the shops used for repair, storage 
and heating into the round house 
building. Two 25 hp low pressure 
boilers replaced the high pressure 
boilers of the old system and 40 unit 
heaters were installed for heating. 

Fig. 1 shows a unique application 
for a unit heater supplying heat to a 
bank of five pit stalls. The heat is 
forced from the unit into a duct run- 
ning under the floor. There are 
three units serving this purpose. 

In the old system, where steam 
was used to supplement the forced 
draft blowers in the locomotives, 
high pressure was a necessity. With 


Rail 


locomotive 


184 


is tied in with the firing control, so 
that the draft intensity is propor- 
tioned to the firing rate, and both 
are in proportion to the load. Prac- 
tically every oil burner installation 
should have a draft control; the 
smaller jobs will do very well with 
one of the simpler forms, while in 
the larger it will generally be found 
that the fuel saving will be com- 
mensurate with the investment in 
more elaborate forms. 

A handy thing around any boiler 
apparatus for 
Few 


room is an orsat 
checking CQv. in the flue gas. 
gadgets will repay better dividends. 


Keep Boiler Clean 


Mention was made above of the 
necessity of keeping the oil heater 
clean, so as to permit of good heat 
transfer from the heating medium to 
the oil. The likewise a 
piece of heat transfer apparatus, in 


boiler is 


which the sole objective is the trans- 


fer of heat from the combustion 


gases on one side of the tubes to 





Inte: 


water on the other side. 
ence with this transfer can occu 


tube—by 


both sides of the 
deposit on the fire side and s 
deposit on the water side. It n 
be rash for the writer to remind 
engineer of the need to clean 


fire side, so the subject will 


dropped. The water side is n 
obvious to many, being uns 
Nevertheless, scale is often t! 


and reduces the heat transfe: 
relentlessly as a soot deposit 
Proper water treatment will pre 


[See W 


soilers 


such scale formations. 
Treatment for Heating 
Kalman Steiner and Ralph A 
son, HPAC, March, 1940, pp 
179, and July, 1940, pp. 428 
Incidentally such treatment will 
only keep the boiler tubes clea: 











the preheater tubes as well, s! 
the heating medium be boiler w 
as is generally the case wit! 
pressure boilers 

[/n a subsequent articl 
will present a review of the princi 


utilising steam economucally.] 


HOUSE HEATING COSTS CUT 


the new installations, an electric 
blower, suspended from an I beam 
to ‘the locomotive 


Changing from 


and attached 
stack, does the job. 
four high pressure boilers to two 
low pressure boilers, and using unit 


Fig. 1 
ing heat to a 


heaters for heating, has result 
an estimated saving of $18,001 
$20,000 annually. 

[lohn Kenyon, 


buildings for the 
Buffalo, cooperated in making the 
vailable. Photo courtesy Fedders Mfg. ( 


supervisor of bridg 
Lehigh Valley Rails 


hove 


One of the unit heaters supply- 
bank of five pit 


stalls 
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Hot Water Heating System Design 


New Data on Friction Head in Pipe and Fittings 


By F. E. Giesecke, Professor Emeritus, Heating, Ventilating and Air Conditioning, Agricultural and 
Mechanical College of Texas. Member of HPAC’s Board of Consulting and Contributing Editors 


FLOW OF WATER IN GALLONS PER MINUTE 
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FRICTION HEAD IN MILINCHES PER FOOT OF PIPE 





h= jt V9°" MILINCHES 
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HEAT CONVEYED PER HOUR IN 1000 Btu 
THE DIFFERENCE IN TEMPERATURE OF THE WATER IN THE FLOW AND RETURN RISERS BEING 2OF 





Chart A—Friction head in milinches per aver- single foot of pipe, but friction in an average pipe for some distance (h friction head in 
4ge foot of standard weight black steel or iron foot of pipe line having the normal number of milinches of water; V velocity of water, 
Pipe line, Data represent not friction in a fittings, which affect the friction in the straight fps; and d actual internal pipe diameter, ir 
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FRICTION HEAD IN MILINCHES PER 90 "NO-LENGTH" SCREWE 
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Chart B—Friction head in milinches per 90 deg intersection of center lines of pipe instead of fps; and d actual internal pipe diameter 
“nolength” screwed elbow. By using “no- to end of pipe in elbow (A = friction head in Note—Tests for this chart and the om 


length” concept, length of pipe is figured to milinches of water; V = velocity of water, preceding page were made with 90 F wat 





Elbow Equivalents 
Relative resistances in number of elbow equivalents 





1 90 deg elbow .... jie eeeteacee es PER RE Sym ae 1 tee (50 per cent water deflected)............ 

1 45 deg elbow .......... 0.7 1 tee (25 per cent water deflected) eepieaew ss 

1 90 deg long turn elbow........... i 0.5 1 tee with branch smaller than run, the susber of sien 

1 open return bend EP ee Se ids 1.0 equivalents for the branch line is approximately 

5 Se NR I ia Os ee wa hacked dwrckscsewas . OS vy? + ve 

1 open globe valve .......... ; betecs Fe 0.75 | — . 

. Vs 
1 angle radiator valve 2.0 : . ry : 
; ra : - <2 where v; is the velocity of the combined stream and ¢ 
ll, Pr ee a “- eras Tree eo 0. . 

: the velocity of the branch stream.* 

PE  fé0ace puenene : 3.0 af 

1 tee (100 per cent water de flected)..... + 1.6* *The Loss of Head in Cast Iron Tees, by F. E. Giesecke, W. H. ! 
» 4 gett, and J. R. D. Eddy. Texas Engineering Experiment Station Bi 

I No. 41, College Station, Texas. Available on request. 
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PLANNED SUN PROTECTION ... . 


...... reduces cooling load, simplifies zoning. 
Les Avery, Avery Engineering Co., cites examples 


SUN HEAT—Eight hundred tons is the 
required air cooling capacity for taking 
care of the solar load at the Social Se- 
eurity building group in Washington. 
But the sun load problem is equally im- 
portant on many small jobs. For ex- 
ample, the room cooler in the bookkeep- 
ing office at Toledo Stamping Co. was 
too small to meet the requirements until 
sun sereen was installed to reduce sun 
heat gain through the windows. At the 
Pioneer Linen Supply Co., planned sun 
protection reduces the load by one-third, 
enables a 3 ton air conditioning installa- 
tion to handle the requirements . . . Re- 
ducing the sun load through windows is 
also of value to the engineer in simplify- 
ing — sometimes eliminating — the prob- 
lem of zoning air conditioning systems 


IGHT hundred tons of air 

enoling capacity is required 

to take care of sunshine in 
the Sonal Security group of build- 
ings in Washington! That's what 
W. A. Brown says is the estimated 
solar load portion of the 4200 ton 
total. 

Mr. Brown—with the Federal 
Works Agency of the Public Build- 
ings Administration — presented a 
very able paper at the meeting of 
the American Society of Heating 
and Ventilating Engineers held in 





Fig. 1—The room cooler for the book- 
keeping office at Toledo Stamping Co. 
was too small to handle the load until 
the windows were given sun protection 





Fig. 2—-Windows on the second floor of the Pioneer 
Linen Supply Co. are protected with sun screen 





Table 2—Cooling Load Calculations for Pioneer Linen Supply Co. 


Sensible heat gain through walls 
Total heat from occupants 

Sun load on roof 

Ce OP. nn cunse 

Sun load, glass block 

Sun load, glass windows 
Maximum Btu per hr 





Washington last summer ; his paper 
was printed in the ASHVE Journal 
Section in the November, 1940, 
HPAC. He showed very clearly 
how the sun load travels around 
these buildings with the seasons and 
the hours of the day. There is a 
total of 146,538 sq ft of glass, some 
part of which is always exposed to 
sunshine. Probably one of the 
largest air installations 
planned for sun load variation, it is 
primarily interesting because of its 


cooling 





Table 1—Cooling Load Calculations for Toledo Stamping Co. 


Sensible heat gain through walls......... 
Total heat from occupants............... 
Sun load on roof, 3:00 p.m............... 
ee cian basecwe 
Sun load, glass windows................ 
Maximum Btu per hr..................-. 


Bare Glass Venetian Sun 
No Shading _ Blinds Screen 

tcnedhenne 4234 4234 423 
secledcaews 1600 1600 1600 
00k’ onawee 2850 2850 2850 
vous Cea 980 980 980 
(jadtiqeeean 9636 5588 1122 
19300 15252 10786 
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Bare Glass Venetian Sur 
No Shading Blinds Scre 
3993 130903 139003 
{800 {800 $800 
4862 4862 ROH” 
7850 7850 TR50 
2583 2583 58 
19600 11400 1960 
53688 15488 16048 
size. Lut the sun load problem is 


equally important on many small 
1obs. 

In the August, 1940, HPAC | 
described some tests run in a typical 
office. Our experience at that time 
was limited, due to the fact that th 
material for the article was prepared 
during early June of 1940. It was 
our plan to follow up with other 
more definite tests as time and 
opportunity offered later in the 
summer, These are discussed her 


Room Cooler Too Small 
Toledo Stamping Co., Fig. 1, has 
a bookkeeping office facing approxi 
mately southeast. There are two 
windows on the southeast front, and 
four windows on the southwest sic 
This is a typical corner office with 
sun exposure on two sides. Win 
dows had dark colored wood vene 
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tian blinds on the inside. The other 
two sides are interior partitions. 
The cooling load for this particu- 
lar room is shown in Table 1. The 
sun load is shown for bare win- 
dows; with the customary inside 
venetian blinds ; and with sun screen 
on the outside of the window. The 
venetian blind data are taken from 
the 1940 Heating, Ventilating, Air 
Conditioning Guide, and the sun 
screen data from tables given in my 
article in the August, 1940, HPAC. 
This table shows that the maxi- 
mum load, without allowing any 
reduction in solar load for venetian 
blinds, is 19,300 Btu per hr, or a 
little over 1% tons. With the 
venetian blinds, there is a total load 
of 15,252 Btu. Using the sun screen 
hgures, the load is reduced to 10,786 
tu or something less than 1 ton. 
This particular room had _ been 
equipped with a room cooler which 
was not large enough to take care 
of the load during the hot days early 
in the summer. The owner wished 
to try sun screen and the installa 
tion was completed in August. 
After the sun screen was installed, 
the unit had ample capacity to cool 
the room. Thus the screen saved 
from 5000 to 8000 Btu, depending 
upon how you value the protection 
offered by inside venetian blinds. 
In this case the sun screen reduced 
the load to the capacity of the room 
cooling unit, rated at 10,250 Btu. 


Cuts One-Third from Load 


Fig. 2 shows the exterior of the 
Pioneer Linen Supply Co., with the 


office windows on the second floor 
protected by sun screen and Fig. 3 
shows the interior of the main office, 
in which a 3 ton air conditioning 
unit is installed with ducts to pri- 
vate offices on the west side. Table 
2 gives the Btu load calculated for 
this job, from which you will notice 
that figuring the bare window glass, 
without any protection, it totaled 
53,688 Btu or about 4% tons cool- 
ing load. The reduction with pol- 
ished aluminum blinds on the inside 
of all south and west windows 
makes the load 45,488 Btu, and with 
sun screen the load is 36,048 Btu 
practically 3 tons. 

In this particular installation, the 
temperatures inside these offices 
before air conditioning and the sun 
screen was installed would rise 10 
to 15 F above the outside tempera- 
ture when the sun was shining. The 
office faces south, and the worst load 
came about 3 p. m. The 3 ton 
machine was considered ample, and 
the results have proved it to be. It 
was a simple matter for this size 
unit to hold the temperature at 80 I 
during the hottest weather, and 
there has been no panel heating 
effect from the windows to make the 
employees near them uncomfortably 


warn}. 
Solves Zoning Problem 


Reducing solar heat gain through 
windows is particularly important 
where the sun exposure is such that 


At the 
Supply Co., for 


zoning would be required. 
Pioneer Linen 
example, the end office, Fig. 4, has 
both a south and a west window, 


Fig. 3—A 3 ton air conditioning unit handles the load at the Pioneer 
Linen Supply Co., but would be too small without planned sun protection 
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HEATING, 


and ordinarily zoning would h 
been required. By using sun scr 
on both of these large wind 
special zoning was unnecessary 

temperature stayed within 2 | 
the temperature in the main « 
office that had southern expo 





big. 4—This office would present a zon 
ing problem were it not for the reduction 
in solar heat gain from sun _ protectio: 


only. To the air conditioning e1 
neer, this means a simple solut 
of a difficult problem 
of moving the cooling load arow 


the probk 
the building to follow the sun | 


Sun Intensity Varies 


Any method of sun protect 
must be rated as of the hou 
which it is being considered 
other words, the sun intensity va 
from sunrise to sunset. It 
varies depending upon the angk 
incidence to the window expos 
in question, both in the horizont 
and vertical plane. It is incorrect 
say that any device, whether 
sun screen, awnings,  venetia! 
blinds, heat absorbing glass, glass 
block or what not, passes any fixed 
percentage of sun load. The heat 
absorbed or reflected by these mate 
rials is variable, depending upon the 
angle of the sun with relationship 
to the window. 

The designing 
therefore, check this sun exposuré 
carefully to determine the time and 
quantity of maximum solar load 
This will indicate the savings poss 
ble if planning sun protection. 


engineer will 





New catalogs, bulletins, etc. 
are reviewed in the depart- 
ment “Trade Literature” 
published in HPAC monthly 
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ON THE UP AND UP 


HEN the Merchandise 

Mart, Chicago, was erected 

11 years ago only two ten- 
ant spaces were air conditioned. The 
National Broadcasting Co. studios 
occupied 76,211 sq ft on the 19th 
and 20th floors and their condition- 
ing was accomplished through the 
medium of a 170 ton centrifugal ma- 
chine in the boiler room of the 
building. Chilled water was sup- 
plied to the fan room on the 20th 
floor through a 6 in. chilled water 
riser and return. This installation 
was supplemented in 1935 by the 
addition of two 25 ton compressors 
on the 19th floor, which served an 
additional 5000 sq ft of studios and 
offices. This second fan room was 
equipped with direct expansion coils. 
joth compressor installations were 
cooled by the use of city water. 
Every attempt was made in the 
NBC installation to do as complete 
and perfect a job as was afforded 
by the art at that time. 

‘The main building restaurant and 
coffee shop, occupying 34,756 sq ft 
of area, was cooled through the me 
dium of a CO, machine at the track 
level of the building supplying direct 
expansion coils in the fan housing 
just above the restaurant. The res- 
taurant duct system was served by 
one large fan supplying 70,000 cfm 
of air, with no attempt made at 
zoning and with a minimum of con- 
trols. The operation of the restau- 
rant system, until changes were 


This welder, if working alone, 
would have to spend all of 1941 on 
welding the chilled water lines for 
conditioning the Merchandise Mart 





.... 44 the demand for atr condition- 


ing at the Merchandise Mart, says 
W. A Stahl, Operating Manager 





The Chicago River supplies condensing water for the refrigeration machines. 


The water is returred to the river 


made this year, was never wholly 
satisfactory, it being impossible to 
hold proper temperatures or humid 
ities, 

When the building was con 
structed, no ventilation was supplied 
the first seven floors, except for the 
stores and restaurant on the first 
floor. All of these floors were in- 
tended for warehouse space and 
were furnished with exhaust only. 
All of the upper floors were pro 
vided with ventilation from two fan 
rooms, one at each end of the build 
ing, from which outside air was 
blown through ducts for the entire 
floor (210,000 sq ft). 


Growing Need for Air 


Conditioning 


In 1936 the building management 
felt that there would be a growing 
need for air conditioning in the 
show rooms, offices and stores in 
the Mart. It was, of course, con- 
sidered desirable to plan for a cen- 
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60 ft downstream from the intake 


tral system to supply cooling 
where needed instead of allowing 
the installation of less efficient 
isolated units throughout the build 
ing. <A large number of self con 
tained units were thought difficult 


| 
Al 


to service and to present a noise a! 
flooding hazard. Another disad 
vantage of individual units in the 
Mart is that the building was laid 
out with very few wet stacks. Eac! 
floor has four large toilet rooms for 
the use of tenants, so that stacks t 
provide for individual lavatories in 
tenant spaces are unnecessary 





UP AND UP goes the demand by tenants 
for air conditioning service at the Mer- 
chandise Mart, mammoth Chicago build- 
ing. When the building was constructed 
ll years ago, only two tenant spaces were 
air conditioned. Many installations have 
been put in since then, and many more 
requests than were anticipated have been 
made this year . » Jake Stahl de- 
scribes the development of air condition- 
ing at the Mart, and the plans that have 
been made to provide a service which 
almost daily becomes of ever-increasing 
importance to tenants and management 
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Six hundred feet of 16 in. chilled water 
piping with 2000 in. of welded joints 


Condensing Water from 
River 

A start was made on this central 
plant in 1937 with the installation 
of one 350 ton centrifugal machine. 
While the original centrifugal ma- 
chine, installed for NBC cooling 
when the building was erected, used 
city water for cooling, the new in- 
stallation was designed to take ad- 
vantage of the proximity of the 
Chicago River, along the south front 
of the building, for its cooling water. 
It was decided to set aside sufficient 
space at the track level of the 
building for cooling machines, to- 
gether with auxiliary pumping 
equipment, etc., for the entire 
structure. The original installation 
provided for a 14 in. water line and 
return to the river, this being suff 
cient for approximately one-third 
of the total building. The river 
water is taken in through a crib 
which is of sufficient size to accom- 
modate all condensing water needed 
for cooling the entire structure. The 
tunnel through which this cooling 
line is run is also large enough to 
accommodate such additional capac- 
ity. Water is discharged back into 
the river at a point 60 ft down- 
stream from the intake. 


Warehouse Areas Become 
Finished Space 


\bout the time that the central 
refrigeration plant was started, de- 
mands for space were such that it 
became necessary to develop ware- 
house areas on the lower seven 
floors into finished space for the 
accommodation of new tenants. It 
was decided that these new finished 
spaces would be equipped for ven- 
tilation, sizing all. duct work prop- 
erly to accommodate future air 
conditioning for these spaces. It 
would then be necessary only to 
furnish chilled water coils in the fan 
rooms, together with a supply to 
these coils to cool any of these new 
spaces. The first space cooled by 
the new refrigeration plant was a 
section of about 27,000 sq ft on the 
seventh floor (former warehouse 
floor). This installation was com- 
pleted during the summer of 1937. 

In 1938 conditioning was in- 
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stalled in the Merchants and Manu- 
facturers’ Club (where, incidentally, 
the Illinois chapter of the ASHVE 
The club was built in pre 
viously unfinished space and with 
the duct work especially designed 
During this 


meets ). 


for air conditioning. 
same year we reaped the first bene 
fits of planned ventilation for fu 
ture air conditioning. A tenant oc- 
cupying 90,000 sq ft of space served 
by four fan rooms asked that air 
conditioning be installed. This in 
stallation was accomplished with 
out the necessity of any changes 
whatsoever within the tenant area, 
it being necessary only to add the 
chilled water coils and controls in 
the fan room which we served from 


our central plant. 
Requests Increase 


The Mart now began to receive 
requests from certain tenants for 
cooling on upper floors where 
spaces were ventilated by duct work 
which was not applicable to air 
conditioning. Very often other ten 
ants in the area to be serviced did 
not yet desire air conditioning. 
Thus, while cooling from central 
fan rooms was desirable, it was 
necessary to plan for these tenants 
who desire conditioning previous to 
others in their immediate vicinity. It 
was decided, therefore, to serve 
these tenants with chilled water 
units supplied from our central 
plant, the units in turn furnishing 
air for individual duct systems. 

In 1939 air cooling systems al 
ready installed and requested were 
such that it was necessary to in 





stall another centrifugal mac! 


A machine of 525 tons was instal 
together with additional rive: 
chilled water pumps. 

In 1940 again, a number of n 
areas were conditioned, among 
them being installations in one 
the world’s largest drug stores at 
also the Merchandise Natio: 
Bank. These two installations, 
gether with the first floor stor 
completed the air conditioning 
the finished spaces on the first flo 
of the Mart. At the end of 
we had sold practically all of 


i+ 


capacity of the two building 
chines and it was again necessa! 
to budget for another centrifug 
machine for 1941. 

In the first part of this year 
main building restaurant decick 
that its cooling system was out 
date and inadequate as compar 
to the systems that had been re 
cently completed in other spaces 
the first floor and an arrangement 
was made to trade in the equip 
ment and serve the space from th 
central plant. It was necessary t 
revamp all of the coils in the far 
room to enable them to use chill 
water as a cooling medium instea 
of direct expansion. Recirculating 
ducts were also installed; previ 
ously, this system operated on 10% 
per cent outside air. 


New Centrifugal on 
20th Floor 


Early this year the NBC decid 
to enlarge their studios and office 
As the cooling equipment was ope! 
ating at full capacity, this meat 
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the addition of another compressor 
for cooling. The tenant requested 
that, instead of the new compressor, 
we consider trading in the two com- 
pressors then in use on a new cen- 
trifugal to serve the entire area, 
and the proposition was finally 
worked out on that basis. How- 
ever, instead of installing the new 
machine in the boiler room 400 odd 
feet below the studios, it was de- 
cided to place the machine on the 
20th floor, thus cutting out the 
losses due to the long chilled water 
lines and making for more efficient 
operation from a personnel stand- 
point. 

An interesting thing about the 
new installation is that, while the 
new centrifugal machine is of 275 
tons capacity as compared to the 
170 tons of the old installation, the 
250 hp motor and gear of the old 
machine were used to drive the 
new one. Also, because these ma- 
chines are now constructed of steel 
plate instead of castings the weight 
of the machine is not in excess of 
the floor loading available. 

It was not found practical to use 
river water for cooling the new 
machine as 8 in. pipe lines in excess 
of 800 ft and return would have 
heen required. Also, inasmuch as 
this unit is entirely under the ten- 
ant’s supervision, it was not prac- 
tical to tie in the operation with 
that of the machines operated by 


A brick cooling tower 


shown here under construction 








Supplementary dry type filters are used 
behind all viscous filters in the Mart 
cooling installations. There are also sev- 
eral installations of combination elec- 
trical precipitation and automatic viscous 
self-cleaning filter units in the building 


It was decided, there 


the building. 
fore, to install a cooling tower on 
the roof directly above the machine 
Since this tower is visible from all 
of the upper offices of the Mart, 
it was constructed of brick to match 
that of the penthouse on the 21st 
floor. Two fans supply 100,000 
cfm through the tower 

Another part of the conditioning 
program for 1941 is further compl 
tion of the system of chilled wate 
risers The riser originally in 
stalled was 14 in. The installation 


| 
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of a 16 in. lateral to the west end 


was installed to 


supply condensing water for the refrigeration machine on the 20th floor 
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of the building which is to serve 1' 
in. and 12-.1in. risers at typical fa 
room locations has just been « 
pleted. Due to the difficuly of 
taining cork, the new 16 in. lateral 
pipe was insulated wit k at the 
hangers only, with doubl i 

in between. 

Future extension of Mar 
conditioning will, of urs¢ by 
guided by tenant demand 
vear there have already be 
more requests tor cooling 


anticipated 


phase ot thre ' 
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AIR CONDITIONING A NECESSITY 


E- E- Hrrbaceh Describes Yoar Round 
Zoned System for Yew Dofense Plant 


T FRIDLEY, MINN,, 
stands the newly completed 
plant occupied by the North- 

ern Pump Co., consisting of several 
manufacturing buildings 1200 ft 
long fronted by an attractive admin- 
istration building. This project was 
completed and in manufacturing 
operation in record time of less than 
four months from the date when 
ground excavating operations were 
started. The administration build- 


ing is two stories high, 421 ft long 
and 40 ft wide; it houses the North- 
ern Pump Co. and U. S. Navy 
executive personnel and the engi- 
neering, designing and general office 
forces. 


The engineering and drafting room. 


A NECESSITY 


playing a vital role in production for 


Air conditioning is 


national defense. Aside from its myriad 
uses in providing proper temperature 
and humidity conditions for processing 
various materials, an important function 
it fulfills is the maintenance of the effi- 
ciency of our greatest resource—man- 
power--through the creation of comfort- 
able working conditions for executives, 
engineers, draftsmen, office workers and 
others who must perform their tasks 
under the stress of our “all-out” effort 
eaheke E. E. Herbacek, chief engineer and 
secretary of the Spencer Air Condition- 
ing Co., describes the automatically con- 
trolled, zoned, year ‘round air condition- 
ing system for a defense industry plant 


The building is brick with larg: 
stationary windows of double he: 
metically sealed glass. The outsick 
walls and roof surfaces are insulated 
and sealed to reduce heat leakag 
and prevent condensation of mois 
ture on the exposed surfaces during 
the winter months. The location o 
the building and its exposure 
extreme outdoor weather conditions 
necessitated installation of a com 
plete and automatically controlled 
split system for heating and yea 
‘round air conditioning. 

Heating of the building during 
winter months is accomplishe 
mainly by a system of convector typ 
steam radiation installed throughout 


Air conditioning has been 


found to increase markedly the efficiency of such departments 
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the entire building and _ supple- 
mented by booster heating, ventila- 
tion and humidification through the 
main air conditioning system. 

During summer operation the air 
conditioning system provides cool- 
ing, dehumidification and_ ventil- 
ation. Air distribution throughout 
the building is accomplished by ceil- 
ing type diffusers of the supply and 
extract design which are mounted 
in suspended ceilings that conceal 
all the ducts and also provide spaces 
above the ceilings over the entire 
building which are used as plenums 
for return and exhaust air through 
the extract portion of the air dif- 
fusers., 


Zoned Air Conditioning 


The air conditioning equipment 
room is in the basement of the 
center portion of the building, and 
due to the extreme length of the 
building, together with the limita- 
tions in ceiling heights, it was nec- 
essary (and also desirable from a 


Front view of one of the air conditioning 
units, showing steam piping to the tem- 
pering and reheating coils, water pump 
and piping to the air washer. The end 
of one of the cooling coils and piping can 
be seen at the upper right hand corner 
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Looking between two air conditioning units toward the refrigerat- 
ing machine. The fans shown handle return and exhaust air 


standpoint of operation and control 
to divide the air conditioning into 
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two separate systems, each ot whic! 
takes care of half of the building 
from the ends to the center 

It was necessary also, due to 
varying solar heat exposures and 
internal heat load conditions, to split 
the two air distributing systems into 
seven separately) treated and con 
trolled zones so as to maintain uni 
form and comfortable conditions 
throughout the building, regardless 
of varying outdoor conditions 

Each of the two air conditioning 
units consists of cleanable type ait 


precleaners, preheat coils, air was! 


a | 
and humidifier, reheat coils, main 
air supply fan, main return air and 
exhaust fan, and direct expansiot 
zone cooling coils connected to 
100 hp “Freon,” eight cylinder, full 
automatic refrigerating machine 
Moisture eliminators and drain 
pans are installed at the leaving ai 
side of each cooling coil for trapping 
the entrained moisture resulting 
from dehumidification of the an 
\ system of waste condensat: 
piping is connected to all of th 


eliminator drain pans and sump pits 


Water Pond on Roof 


\ portion of the condensing 


water required by the refrigerating 














A private office, showing the supply air 
diffuser mounted in a coved ceiling. Re- 
turn and exhaust air is vented through 
slotted openings hidden by the edge trim 


machine is piped to the roof of the 
building for maintaining an evapo- 
rating surface to reduce the solar 
heat leakage into the building. The 
water is maintained by 
adjustable standpipe fittings in- 
stalled in the rain water leaders at 


level of 


the roof. 

Two speed motors are provided 
for each of the four fans to vary 
the volume of air supply required 
during winter and summer opera- 
tion, as the cooling load require- 
ments demand a greater volume of 
air during summer operation than 
is required during winter operation. 

Each of the two units and sys- 
tems has a maximum capacity of 
32.500 cfm of air, making a total 
of 65.000 cim and requiring 108 


tons of refrigeration for cooling. 
Air Circulation 


Manual adjustable louver damp 
ers are installed in each of the 
seven zone supply air mains for 
proportioning the volume of air re 
quired. The air conditioning units 
and all ducts within-the equipment 
room are insulated with cork and 
finished with asbestos cement and 
canvas jacket. In addition, the 
main supply and return air ducts 
are lined with acoustic sound insu 
lation. Insulated brick air shafts 
are provided on the outside rear 
wall of the building and connected 
into the units for outside air intake, 
return air and exhaust air, and each 
of these stacks is sized for 100 per 
cent of the unit air capacity. 

\ll air supplied to the building 
(except that supplied to the blue- 
printing, photostating, photograph 
and rest is drawn back 
through the return air system and 
recirculated 


rooms) 1S 


fan, and can be all 
through the system or all exhausted 
or partially recirculated and ex- 
hausted, depending upon the amount 
of outside air being introduced. A 
portion of the exhaust air is supplied 
to the basement equipment room for 
removal of heat generated by the 
fan and refrigerating machine mo- 
This air is vented at the 
extreme ends of the basement 
through vent stacks connected into 
gravity roof ventilators. 


tors. 
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Pneumatic Control 

\ complete system of pneumatic 
automatic temperature and humid 
ity control is installed to maintain 
proper year ‘round atr conditions in 
the seven zones of the 
building served by the air condition 
In addition to the air 
control system, each 
is autorhatically 


separate 


ing system. 
conditioning 
radiator 
Automatic proportion 
air, return air 


steam 
controlled. 
ing type outside 
and exhaust air 
late and proportion the amount of 


dampers regu 
and mixture of air distributed by the 
system. Humidification is accom 
plished by a single stage air washer 
operated with a dew point control 


motorized prope rtic ning 


actuating 
steam valves on the preheat coils. 

Dehumidification is accomplished 
by direct expansion refrigerant in 
the seven zone cooling coils situated 
in the supply air plenum chambers. 
low limit supply air controllers are 
installed in each system to deliver 
air to the building at ventilation 
temperatures during the off-heating 
cycle. Seven zone cooling thermo- 
stats actuate electric solenoid refrig- 
erant liquid stop valves on the zone 
cooling coils for control of cooling 
temperatures. Automatic relays ac 
tuated through the fan motors close 
the outside air dampers and refrig- 
erant valves on a shut-down of the 
system. 
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The outdoor compensating 
trol system consists of master 
pensating instruments which 
mine the outdoor temperature 


automatically actuate  sub-n 


zone thermostats to maintain ; 
imum inside temperature dif 
tial. As the outdoor temperat 
differential 


‘ 


drops, the inside 

creases to a point where cooli 

cut off and heating is cut in 
The refrigerating machin 


equipped with capacity unl 
actuated automatically by th 
ing demand through the zone 


ing coils. 


Exhaust Systems 


In addition to the main ai: 


ditioning system, there are instal 
separate systems of exhaust venti! 


tion to take care of the toilet 
rest rooms. These systems are 


nected to exhaust fans in the pe 


houses on the roof of the buildi 
Exhaust systems are also provid 
for the blueprinting, photostat 


and photography departments 
air supplied to these spaces is 
returned to the main system. 
Numerous air systems are 
stalled throughout the factory bu 
ings for exhaust ventilation 
toilet and locker rooms and ot 
factory spaces, and there are 
systems for vapor exhaust and 
control and elimination. 
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Yew Method of Duct Construction 
SIMPLIFIES AIR CONDITIONING 


IMC 


unningham Describes Fabrication of 


Ducts Which Do Not Need Jo Be Concealed 


DUCT CONSTRUCTION—To overcome 
the difficulty and expense of concealing 
air conditioning ducts, a method of con- 
struction has been used on several recent 
installations that 
on the outside. The 
surface throughout, 


such no seams show 


duct presents a 


smooth and when 


painted to match the ceiling appears to 
be an integral part of it. .... Mr. Cun- 
Carrier Corp., con- 


ningham, presents 


struction details and recommendations 


and explains the advantages of the method 


Hk difficulty of 
air conditioning ducts 


concealing 
is a 

problem with which every ar 
chitect and consulting engineer has 
had to contend. To overcome this 
obstacle and eliminate the need for 
it, a type of duct construction* has 
heen used for several recent instal- 
lations such that no seams show on 
the outside. The duct presents a 
smooth surface throughout and 
when painted to match the ceiling, 
appears to be an integral part of it. 
The unsightly effect characteristic 
of exposed ducts is thereby elimi- 
nated. 


Method of Construction 


Construction of these ducts intro- 
duces many changes in sheet metal 
practices, illustrated in the 
Notched along the seam 
edge (4), the sheets are folded into 
a seam (B) for joints in straight 
runs of ducts. The seams are held 
together with flat head sheet metal 


as 


sketches, 


screws. The holes through the 
seams are drilled. The screws are 
counter sunk so that the screw 


heads do not protrude above the 
sheet metal. 
metal for longitudinal seams at the 
corners of the ducts (C), held tight 
by serews as in the simple seam, 


The lapping of sheet 


“Patent applied for. 


assures a smooth and firm finish at soldered and smoothed off wit! 

all corners. The seams and joints rasp. 

of duct fittings, as for offsets and To avoid the appearance of gay 
elbow Ss, are imside the duct, spot between the ends of two duct he: 


Construction details for ductwork presenting a smooth surface throughout. 
which may be painted to match the ceiling and does not require concealing 


I. 
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Sample duct of the new construction, 
showing one seam unfinished and the 
other filled with compound and painted 





Close to the ceiling so the top is not 
a dust catcher, and painted to blend 
with it, the duct is inconspicuous 





The duct is painted, looks like a beam 


Ducts may be painted and grained 
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ers, a fill in piece (D) is used to 
bridge the space between the two 
ducts. The continuous external sur- 
face lends itself more readily to 
room interior decorations than one 
in which gaps occur. 

In some sizes of ducts a stiffener 
(FE) is required to keep the con- 
struction rigid; it is located inside 
the duct (/) so that the face of the 
stiffener is paralle] to the air stream 
and causes no appreciable increase 
in resistance to air flow. 

There are several methods of sup- 
porting the ducts (G, H). When 
hangers are necessary in supporting 
the duct, they should be located in- 
side it. 


Recommended Gages 


Recommended gages of sheet 
metal for the various duct sizes are: 


Duct with dimension 15 in. or less.. 26 ga 
16 in. to 41 in : 24 ga 
42 in. to 69 in... Smee ‘ 22 ga 
Maximum dimension 61 im. or more 20 ga 


A careful selection of the sheets 
is required to assure a smooth sur- 
face of the exposed ducts. Flat 
sheets 48 in. x 96 in. are recom- 
inended for use to obtain the best 
results in final appearances. 

The cement or putty compound 
to smooth across the seams must 
adhere to the metal, and must take 
a good paint finish. It is recom- 
mended that the compound have a 
rubberized base and be insoluble in 
water. The compound should be 
applied in a thick coat and smoothed 
over the seams and screw heads 
with a putty knife or small trowel. 


Advantages 


The advantages of this new 
method of construction have been 
found to outweigh the additional 
cost; with more experience and in- 
creased knowledge of design and in- 
stallation details, sheet metal me 
chanics will be able to reduce the 
cost by shortening the time required 
for construction and erection. 

Furring in is not necessary for 
concealment. By eliminating stand 
ing seams, the ducts can be located 
next to the ceiling or beam, doing 
away with the clearance at the top 
of the duct which is usually such 
a dust catcher. In rooms with low 
ceilings, the ability to locate the duct 
at the ceiling (instead of an inch 
or so below) often means an appre- 
ciable and worthwhile saving in 
head room. 


INDUSTRIAL RESEARCI, 
A NATURAL RESOURC! 


Naming industrial research « 
America’s greatest natural reso. 
E. R. Williams, manager oj 
Johns-Manville research labo 
ries, told the 75th annive: 
science meeting of the Univers 
New Hampshire recently t! 
such research is encouraged 
supported properly, the | 
States will not have to accept 
ernment regimentation as Ger 
did. 

“With the United States set 
a record in technical manpower 
search laboratories and engine: 
facilities, it lies within our pow 
create and provide the personn 
the greatest engines of libert 
freedom ever created.” 

As examples of “modern mira 
turned out by research laborat 
Mr. Williams cited the work 
by the petroleum industry in 
ducing synthetic products su 
100 octane gasoline for air; 
fuel; synthetic rubber; toluen 
sential to TNT and other exp! 
required in wartime ; glycerin: 
other basic industrial chemicals 

“As a result of industrial res 
in the petroleum field, the viel 
gasoline from crude oil and thx 
duction of lubricating oil bot! 
doubled,” Mr. Williams 
“Stocks of gasoline are eight 
as large as in 1917, while thos 
lubricating oils are more that 
times as large, and of fuel oils 
times as large. The unused refi 
capacity in this country of ar 
1,000,000 barrels daily is gr 
and more efficient than was our 
tire capacity in 1918.” 

Past accomplishments of in 
trial research must be considere 
the light of what part they can p! 
in defending America and the 
defense effort, he said, and cit 
insulation of heated equipmer 
industry, which is now accounting 
for a great amount of fuel 
vation, 

“The company that prepares 
the future, the one that can giv: 
customer more for his dollar, 
add to the comfort of humanity 
the organization most likely to 
vive and achieve the success 
which we all are striving,”’ Mr 
liams declared. “Upon this typ: 
industrial thinking the futur: 
America depends.” 
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TESTING AND DRYING 
REFRIGERATION SYSTEMS 


Tue Epitor— 

I have read thoroughly Mr. Ram- 
sev'’s article on Testing and Drying 
Refrigeration Systems, which ap- 
peared in the June HPAC. It is 
quite evident that the author has 
been confronted with the many 
problems incident to the proper de- 
hydration of and the bad after 
effects of improperly prepared 
“Freon” systems. The article shows 
also a good practical knowledge of 
the subject. Therefore, any re- 
marks which I might make should 
only be construed as being helpful 
additions, time-saving suggestions 
and possible improvements. 

It has been my experience that 
soap and water for testing is effec- 
tive only for large leaks and rather 
time-consuming. It is slow work 
to cover properly a leak with a soap 
film so that a bubble is formed. 
Since but a small trace of the halo- 
gen refrigerants will give a_ test 
with a torch, why not add a small 
quantity of “lreon” to the air used 
for obtaining pressure during the 
testing and find all of the initial 
leaks large and small, even to poros- 
ity of castings (not uncommon), at 
one time with a torch? No system 
properly erected has leaks so large 
that there is danger of losing all 
of the test air and “Freon.” Again, 
there is no unsightly film left when 
the soap dries and you don’t have 
to test and retest. 

Has the author ever considered 
cooling the exhaust air from his 
air compressor, by passing this into 
a receiver constructed like a water 
cooled condenser? This is done be- 
fore allowing it to enter the Sys- 
tem to be tested. A water cooled 
receiver will reduce the compressed 
air below room temperature and 
take out additional moisture. The 
dryer the air entering the system, 
the easier will be the job of dehydra- 
tion later, since the dryer air will 
pick up more moisture. It is a 
simple matter to bring cooling water 
to such a receiver with high pressure 


hose. A further precaution would 
be to attach the air compressor suc- 
tion to a large dryer. 

Mr. Ramsey mentions closing 
valves dividing the system. This is 
good ; however, valves have a habit 
of leaking at the wrong time and 
the use of air with “Freon” in it 
when pumping up pressure makes 
this unnecessary unless a leak is 
found which necessitates making re 
pairs at atmospheric pressure on the 
leaky section after repairing. It is 
only necessary to admit air and 
“Freon” mixture to that section for 
testing, by opening a section valve 
and again raising the pressure in 
the whole system with compressed 
air. “Freon” is costly and a saving 
can be made in this way. 

It is assumed that in indicating 
a loss of 2 psi pressure over a period 
of seven days that corrections for 
ambient temperature were made; 
however, whether this amount is 
large or small depends on the total 
volume of the system. <A _ leak, 
however, is indicated which could be 
located with air and “Freon.” What 
does Mr. Ramsey do when he is not 
so fortunate in having so much time 
for testing? The air-“Freon” mix- 
ture will shorten the testing time. 

The make of equipment used on 


the installation is not mentioned and, 
therefore, it is impossible to tell what 
care has been taken in manufacture 
to eliminate free moisture in the 
pores of the metal, in pockets, etc., 
which may be under a heavy oil film 
I-xperience has indicated that the 
vapor pressure even at high vacuum 
may be insufficient to break through 
the oil, thereby leaving considerable 
free moisture in a system. As a 
consequence, it seems advisable un 
less equipment has been baked in 
190 F while a vacuum of 0.2 in. of 
mercury absolute is being applied, in 
manufacture, to augment the field 
dehydration by vacuum with a liquid 
line dryer, either of a temporary or 
permanent type, for safety. Mois 
ture, even in small amounts, in a 
“Freon” system can cause a lot of 
trouble later; depending of course, 
upon the amount present. The less 
water the longer the trouble is de 
layed and it is best to use every pre 
caution. A moisture content of less 
than 0.003 per cent is a good figure 
to strive for, whether it be an air 
conditioning or refrigeration system 
If this goal is attained no serious 
trouble from hydrolysis will result 

I have enjoyed reading the article 
and hope that my remarks may help 
to further sound practices.—H. R 
JAEGGLI, manager, service dept., 
Carrier Corp. 


THE FUEL OIL SITUATION 
ON THE ATLANTIC SEABOARD 


Tue Eprror 

The article on the fuel oil situation 
written by Kalman Steiner and pub- 
lished in the July HPAC is very 
interesting and seems very timely. 
The statistics I have been able to 
check seem to be reasonably accu- 
rate and the conclusions as apply- 
ing to the country as a whole seem 
unquestionably in order. 

As Mr. Steiner points out, the 
threatened shortage of petroleum 
products applies almost exclusively 
to the Atlantic Seaboard area and is 
due not to a lack of production ca- 
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pacity but to a shortage of transport 
tation facilities. Mr. Steiner states 
that this shortage was caused by 
transferring 50 tankers out of a total 
of 325 tankers serving this area to 
Britain. This is approximately 15 
per cent of the number of tankers in 
this service but it represents consid 
erably more than 15 per cent in 
transportation volume, | 
since among the transferred tankers 
were some of the largest capacity 
ships of over 15 knots speed. Al 
though a number of shipyards are 
now constructing tankers, few of 


believe, 
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these will be completed before 1942 
and there is no assurance even then 
that they will be placed in the At- 
lantic Coast trade. The time element 
also applies to the construction of 
pipe lines, some of which are already 
partially completed but which can- 
not be placed in service until some 
time next year. If additional tankers 
are withdrawn from the Atlantic 
Coast trade, it may well precipitate 
a desperate situation. 

It therefore appears to me that, 
although there may not be a short- 
age over a term of years, there is a 
distinct possibility of an _ acute 
shortage on the Atlantic Seaboard 
during the winter of 1941-42. This 
feeling seems to be shared by the 
companies distributing fuel oil in 
New York City, some of whom re- 
port that they are being limited by 
their sources of supply to 80 per 
cent of their volume of sales for the 
past 12 months. If such a reduction 
in commitments becomes general, it 
will mean either that fuel oil will be 
delivered to preferred customers or 
else that consumers -will eventually 
be rationed. Should such a ration- 
ing occur, based on a percentage of 
last year’s consumption, it would 
place a distinct penalty upon plants 
which were operated at good effi- 
ciency and in which reductions in 
consumption could not be made 
without sacrificing service. Plants 
which were operated inefficiently 
would be able to make adjustments 
and install controls to improve oper- 
ating efficiency and provide good 
service with the rationed quantity of 
oil. Therefore it is to be hoped that, 
should rationing occur, some yard- 
stick of efficiency, such as the con- 
sumption per cubie foot per degree 
day, will be applied. 

It has been possible for a number 
of years to obtain fuel oil contracts 
based upon the posted harbor price 
plus a stated delivery charge, with 
the stipulation that the price would 
not exceed a set amount. This year 
contracts are offered to supply re- 
quirements at posted prices with no 
stipulated maximum. This adds to 
the uncertainty of the operator. 

Mr. Steiner refers in his article 
to the fact that fuel oil is essentially 
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a byproduct of gasoline manufacture 
and that gasoline production will be 
stepped up to meet defense require- 
ments. However, the percentage of 
fuel oil obtained from crudes can be 
controlled to a considerable extent 
in some of the new refining meth- 
ods, which leave very small per- 
centages of residue which can be 
used as fuel oil. 

As a result of all of these factors, 
a number of plant owners have 
made studies of the possibility of 
converting boilers to burn coal in- 
stead of fuel oil and, in some cases, 
grates or stokers have been installed, 
even though an increased operating 
cost may be indicated. In other 
cases, preparations are being made 
to purchase grate bars and new 
fronts to be installed only if fuel oil 
becomes unavailable. In some plants 
having multiple boilers, one or more 
may be converted to burn solid fuel 
in the belief that there will always 
be some fuel oil available and that 
burning of some coal, at least on 
the day shifts, will indicate a will- 
ingness on the part of the operator 
to cooperate in reducing petroleum 
consumption and should induce the 
suppliers to provide sufficient oil 
for the oil burning boilers. 

Neither government agencies nor 
oil companies can give any guaran- 
tee as to whether or not sufficient 
fuel oil to meet all requirements will 
be available in this area, so that the 
cautious plant operator feels obli 
gated to be in a position to provide 
heat and power from a secondary 
source in case of failure of the pri- 
mary source—L. W. MavucGer, 
Brown, Wheelock, Harris, Stevens, 
Inc., (real estate management ). 


Mr. Steiner Replies 


Tue Epiror— 

Mr. Mauger makes some very 
thoughtful comments on the emer- 
gency fuel oil situation. 

The 50 tankers given to Britain 
might actually represent somewhat 
more than 15 per cent of the ca- 
pacity of the 325 originally serving 
the East Coast by virtue of the lar- 
ger and speedier craft being in- 
cluded in the 50. But the capacity 
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of the remaining 275 has be: 
creased by a ruling perm 
heavier loading than formerly. 

Should an actual shortage < 
velop during the winter, and ra 
ing become necessary, might 
seem more logical to ration gas 
used in pleasure driving, rather 
the fuel required to heat home: 
buildings? Curtailment of ple: 
driving would accomplish other ¢ 
sirable economies from the 
point of defense requirements, ; 
instance rubber and lubricating 
and greases. Furthermore, si: 
50 per cent curtailment in aut 
bile production has been order 
would be well to start thinkin, 
reducing automobile wear and 

Mr. Mauger raises the point ¢! 
rationing of fuel oil might per 
those plants that are already oper 
ing at better than average efficie: 
and suggests that rationing be has 
upon some such yardstick as 
sumption of heating fuel per cul) 
foot per degree day. The thought 
excellent, but who will establis! 
standards of comparison? A gre 
many factors are involved, and wu 
necessary hardship might lx 
posed. 

Mr. Mauger states that certain 1 
finers are reluctant to make cor 
tracts with maximum prices 01 
oil for the coming season. Whil 
previous years it has been the pra 
tice to establish such maximums 
found up 


would probably be 
studying the records that the actu 
market price during the season s 
dom reached the established max 
mum.* In fact, many middlewester 
fuel oil distributors have found ove: 
the years that a large number 
their customers prefer to buy fu 
oil at open market prices. 

Much progress has been mack 
recent years in the development 
so-called catalytic refining processes 
whereby the gasoline yield is great! 
increased at the expense of the ‘ue! 
oil fractions, but these processes 
by no means perfected or in gene! 
use. By contrast it might be pomt: 
out that whereas the cracking st1!! 
the accepted process for major 
fineries, a great many independent 
refiners employ only a topping 
thereby failing to take advantag: 
the refining technology develope: 


re 


j 


during the past 30 years.—K A! \ \S 
STEINER, Ace Engineering Co. 
*Mr. Mauger does not agree, and cit x 
amples.—-Ep. 
4] 
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IPING services required in a 

fluorescent lamp manufactur- 

ing plant include many types 
of gases, in addition to the water 
piping for process work and cool- 
ing purposes, heating lines, sewer 
systems, etc. In a lamp making 
plant, a quality product requires 
quality services and to obtain such 
conditions special control systems 
are used, 

An excellent example of the im- 
portance of piping in this industry 
is given by the new Westinghouse 
plant near Fairmont, W. Va. 


Natural Gas 


Natural gas is used for heating 
the building and for burners on 
lamp making machinery. Individ- 
ual gas fired units were chosen for 
heating, some being connected to a 
duct system supplying the various 
offices, cafeteria, recreation rooms 
and bulb coating room through air 
diffusers situated in the ceilings of 
such rooms. All of the units are 
automatically controlled by tempera- 
ture devices so that the tempera- 
ture of the plant can be held con- 
stant. 

By this arrangement, flexibility 
of heat control can be obtained so 
that in spots where local heat is be- 
ing given off by lamp machinery 
heating units need only be used 
during starting up periods until the 
machinery is operating; they can 
then be shut off entirely or set to 
some lower temperature as required. 
This should result in efficiency both 
from the maintenance and fuel 
economy viewpoints. 

In the summer months, the same 
ducts are used for cooling the vari- 
ous locations by passing water 
through cooling coils installed in the 
ducts. Water for cooling purposes 
is recirculated through a heat ex- 
changer cooled by mine water ob- 
tamed at approximately 55 F. 

The gas supply to the heating 
units is from a line independent of 
the line for the lamp machinery. 
The gas line supplying the lamp 
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0. R. WOLLENTIN EXPLAINS PIPING SERVICES 
AT NEW WESTINGHOUSE WINDOWLESS FACTORY 


machinery is in the form of a loop 
so that pressure regulation due to 
line drop is held to a minimum. 
Short branch lines from this loop 
supply the individual machines and 
where extremely fine regulation is 
required, the branch lines are also 
in the form of a loop system. The 
entire loop system is maintained at 
a predetermined constant pressure 
by commercial regulators and re 
cording instruments provide a daily 
record of operating conditions. 


Compressed Air 


Gas fires on lamp machinery re 
quire compressed air at approxi 
mately 4 psi pressure for best op 
eration. This air is supplied by 
standard centrifugal air compressors 
taking air from inside the building 
(since the air in the building is all 
filtered through electrostatic air 
cleaners) and is piped in a manner 
similar to the loop system used for 
the gas lines. The gas and air lines 
are practically identical systems. 
The air lines to each machine are 
also guarded by a special air line 





INTRICATE PIPING—Piping services 
in a fluorescent lamp manufacturing 
plant—such as the new Westinghouse 
factory near Fairmont, W. Va.—include 
many types of gases, water for cooling 
and process, heating lines, gas lines, etc. 
Mr. Wollentin, equipment superintend- 
ent of the Westinghouse lamp division, 
describes the piping details and other 
interesting things about this new win- 
dowless, air conditioned plant. . . . Gas 
fired unit heaters supplied with natural 
gas are used for heating. Air condition- 
ing is accomplished by means of 55 F 
water pumped from an abandoned coal 
mine cooling city water which is circu- 
lated through the air conditioning coils. 
All air is cleaned electrostatically, as 
dust free air is essential to the manu- 
facturing process. And to make the plant 
a complete “controlled conditions” en- 
closure for the health and efficiency of 
the personnel, sterilizing lamps are used 
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filter to eliminate any possible 
eign material getting into the burn 
ers, as the burners have very small 
openings which could be easih 


; 


clogged up by any dirt 
Oxygen 


On some lamp machinery, oxyget 
with gas or air is required Lhe 
oxygen cascade system consists of a 
number of cylinders housed in a 
separate building approximately 3% 
ft away because of the hazards en 
countered in handling oxygen. The 


’ 


cylinders contain oxygen gas at 


2000 psi pressure connected to a 





Thermostatically controlled gas fired 
unit heaters range in capacities from 85.- 
000 to 200,000 Btu per hr with air de- 
liveries ranging from 1353 to 2260 cfm 


manifold system and reduced to ap 
proximately 100 psi pressure which 
is piped underground into the main 
building where it is immediately re 
duced to a lower pressure (10 psi 
approximately) before being dis 
tributed throughout the plant. All 
piping and fittings for oxygen gas 
are made of copper to eliminate cor 
rosion, and at the same time to re 
duce the hazards possible in oxygen 
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KEEP IT CLEAN was the rule 


* Teed aay 





for dust free air is particularly important in fluorescent lamp 


manufacture; dust particles clinging to the inside of the glass tubes before coating produce 


irregularities that may affect operation of the finished lamp. . 


dowless, with all air passed through electrostatic air cleaning cells. . 
air conditioning was required . .. . . Fluorescent lighting is, appropriately, used throughout 


The new Westinghouse fluorescent 
lamp plant near Fairmont, W. Va., 
is a $3,000,000 windowless, zone air 
conditioned manufacturing plant with 
nearly five acres of floor space under 
one roof, and an ultimate output of 
200,000 lamps a day. It is 100 per 
cent fluorescently lighted. Auxiliary 
buildings, paved roads and driveways, 
railroad sidings, water reservoir, 
bus terminal, parking lot and other 
incidental structures, all enclosed by 
fence and floodlighted for protection 
against sabotage, will complete the 
project, as shown in the above archi- 
tect’s drawing. 

To meet the demand for fluores- 
cent lamps—accelerated by the in- 
creasing number of “blackout” indus- 
trial plants built during the last few 
months—an extensive increase in lamp 
production capacity was required. 
Thus the factory might be consid- 
ered a “secondary” defense plant. 
One of the general requirements for 
the plant site was an adequate suppl) 
of fuel gas, both for the lamp manu- 
facturing plant and for a projected 
glass factory. Transportation facili- 
ties, electric power, water service 
and an adequate supply of labor 
suited to lamp manufacture were 
other factors to be considered. 

Windowless design, with its neces- 


sity for complete air conditioning, 
was not adopted with the intention 
of providing a blackout plant in the 
current sense, but was necessary be- 
cause working conditions must be 
closely controlled. Dust free air is 
particularly important in manufac- 
ture of fluorescent lamps; dust par- 
ticles clinging to the inside of the 
glass tubes before coating produce ir- 
regularities that may affect operation 
of the finished lamp. For this reason 
the air conditioning system incor- 
porates electrostatic air cleaning cells, 
which remove approximately 90 per 
cent of all air-borne particles before 
incoming air is circulated in the plant. 
Air in all ducts is irradiated by a 
total of 600 sterilizing lamps to de- 
stroy bacteria and other microorgan- 
isms. Shipping and receiving rooms 
are provided with “air curtains” 
(separated double doors with air 
chambers between) to help keep out 
dust. 

The air conditioning system is 
provided with zone control to keep 
temperature fairly uniform through- 
out the plant, despite widely varying 
processing conditions, and (second- 
arily) to make sabotage or bom- 
bardment less effective, if that ever 
becomes especially important. Be 


.. The building is therefore win- 
. . Because it is windowless, 


cause some 40 million cubic feet of 
natural gas per month will be burned 
in glass working, air is not recircu 
lated in the main manufacturing 
area. Proportion of outside air t 
recirculated air in offices may be ad 
justed to suit requirements. Air ducts 
are supported on the lower chords 
of trusses extending from the coils 
and blowers located in the same gen 
eral position. When heat is required 
in the building, gas fired unit heaters 
are used. 

An unusual part of the air condi 
tioning system is the method of ait 
cooling. It comprises two separate 
systems of circulating water. The 
primary system consists of a 3600 
gpm flow of water at 55 F pumped 
from an abandoned and sealed coal 
mine 1800 ft away and 150 ft lower 
in elevation. Mine water is pumped 
to a heat exchanging reservoir just 
outside the building, thence back t 
the coal mine through a drill hok 
The secondary system consists of a 
closed circulation of ordinary city 
water, through cooling coils in_ the 
building, thence to the heat exchang 
ing reservoir, where heat is extracted 
and carried away in the primary sys 
tem. Heat exchange is accomplished 
by copper coils completely submerged 


in the mine water. 
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eas lines. Special pipe line filters at 
each machine are used to eliminate 
foreign material. 

The cylinders are refilled from a 
special oxygen service truck which 
delivers oxygen in liquid form and 
truck converting the liquid to 
gas and pumping it into the cylin- 
ders to approximately 2000 psi 


by means of special devices on the 


pressure, 
Argon and Hydrogen 


\rgon gas and hydrogen gas are 
also housed in a separate building 
approximately 350 ft from the 
main building and piped through an 
underground conduit into the main 
building. Both of these gases are 
obtained in cylinders at high pres 
sure and are housed in the separate 
buildings to avoid handling cylin- 
ders in the manufacturing section. 

The hydrogen system consists of 
two banks of cylinders, one operat- 
ing and one for servicing or standby 
duty, both feeding into duplicate 
high pressure pipe lines through 
regulators and reduced to approxi- 
mately 100 psi pressure before be- 
ing piped underground to the main 
building. Here it is again reduced 
to approximately 10 psi before be- 
ing distributed through the factory. 

The argon system consists of two 
banks of cylinders, each connected 
to its own‘high pressure (approxi- 
mately 2600 psi) copper line, both 
of which are carried through the un- 
derground conduit to a high pres- 
sure reducing panel in the manufac- 
turing area. At the panel, the 
pressure is reduced to approxi- 
mately 15 psi and distributed to the 
machines where the gas is again 
controlled to the proper lamp filling 
pressure. The control panel con- 
sists of high pressure reducing regu- 
lators, gages, alarm systems for low 
pressure, cross connecting piping 
and valves so that either bank of 
cylinders can be used to supply the 
machines, 


Check Line Tests Quality 


\ quality check line is run to a 
special machine so that when gas 
cylinders are changed, proper tests 
can be made at one machine without 
contaminating other machines and 
lines in case the gas should not 
measure up to the proper standard. 

The argon lines were specially 
treated before installation to avoid 
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any possibility of contamination 
from dirt, oil and moisture. When 
the manifolds and lines had _ been 
fabricated in the mechanical depart 
ments (machine shop, welder, pipe 
fitting), they were sent through a 
cleaning and annealing process 
which consists of flushing the parts 
with steam. They were then put 
into a furnace and brought up to a 
temperature of approximately 400 
C, with nitrogen constantly flowing 
through the copper tubing and 
manifolds. This drove out all im 
purities in the parts, and after tak 
ing them from the furnace, the parts 
were capped and sealed to avoid 
any chance of contamination. 

Since all the parts were prefabri 
cated to proper sizes, the only in 
stallation required was placing in 
the proper conduit or trough and 
assembly. No cutting or fitting was 
done in the field, all parts being 
made in our shops. When a line 
was completed, it was first filled 
with nitrogen and tests made for 
leaks. When tight, the line was 
flushed with argon until proper 
quality was obtained and the line 
was ready for use. 


Mine Water for Cooling 


The process water supply for air 
cooling and machine cooling was 
somewhat of a problem because the 
location of the plant is such that 
well water was not available in the 
quantities desired, and water from 
the nearby Monongahela River was 
not suitable for our purpose. 


4 shot of some of the welded piping 
taken during the construction period 





The only other source ts under 


ground water stored up in aban 
doned and outworked coal mines 
This is cold enough, approximately 
55 F, and the supply is adequate, 
but there was the problem of acidity, 
which was high. After considering 
all other sources, it was decided to 
use the mine water for air cooling 
purposes and city water for all other 
purposes, The mine water ts 
pumped into a tank in which ther 
are coils of special metal, City 
water is circulated through these 
coils and cooled to within 2 or 3 | 
of the mine water temperature. Thi 
cold city water is then circulated 
through coils in the air ducts 
throughout the factory and is then 
recirculated through the mine water 
tank for cooling 

All outside air taken into the 
building is passed through electro 
static air cleaners, thereby insuring 
cleanliness, which is a very impor 
tant feature in the making of fluor 
escent lamps. All air ducts ar 
equipped with sterilizing lamps 
increase the efficiency of the plant 
both from a personnel and quality 
product standpoint. 

Two 50 psi air compressors, with 
aitercoolers and oil separators, tur 
nish air for various sundry purposes 
such as air motors, cleaning opera 
tions and some special movements 
on lamp making machines. The 
sewer and plumbing systems are 
conventional except for modifica 
tions to meet unexpected rock ob 
structions. 





RADIANT HEATING 
AND COOLING 


In the third paragraph of the arti 
cle on radiant heating and cooling 
by F, E. Giesecke. p. 589. October, 
1940, HPAC, a calculation was 
shown which was in error. The cor 
rect solution is as follows 

The volume of air moving across 
the ceiling in one hour is 12 *& 0.75 
x 50 & 60 or 27,000 cu ft per hr, 
assuming that the registers are at 
the narrow ends of the room. The 
weight of this air is 1850 Ib. It will 
deliver 463 Btu per deg tempera 
ture drop. To deliver 6000 Btu re 
quires a drop in temperature of 13 
deg. 

Hence the air should enter the 
room at 126 F and leave at 113, in 
stead of entering at 124 F and leay 
ing at 114, 
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CHILLED WATER STORAGE TANKS ALLOW 
ECONOMIES IN COMPRESSOR OPERATION 


New Data for Quickly Sizing Tanks for Air Conditioning 
and Refrigerating Systems Presented by William Goodman 


TORAGE tanks containing 

chilled water are frequently 

of value in a_ refrigerating 
system in which the air is cooled by 
circulating chilled water. Storage 
tanks can provide marked econo- 
mies in the electrical consumption 
of the compressor, and in addition 
prevent the frequent cycling—that 
is, the frequent starting and stop- 
ping of the compressor with its 
attendant wear and tear. In low 
temperature refrigeration wor k, 
brine is, of course, circulated, and 
the information given here in regard 
to chilled water circulating systems 
is equally applicable to brine circu- 
lating systems, 

When the refrigerating load is 
light, a reciprocating compressor 
draws almost as much power as at 
full load. A storage tank used in 
conjunction with a compressor will 
allow it to operate at just about full 
load whenever it is running. The 
time that the compressor runs will 
be practically in direct proportion to 
the cooling load. Thus, if the cool- 
ing load is one-half the maximum, 
the compressor will run just about 
half the time cooling is required if 
an insulated storage tank is used. 
In this way the electrical energy 





Symbols 
c = specific heat of stored liquid; 
He = refrigerating capacity of the com- 


pressor, Btu per min; 
H,, = cooling load, Btu per min; 
Hs thermal energy stored in_ tank, 
Btu; 
S$ = specific gravity of stored liquid; 
t; = initial temperature of liquid in 
storage tank, F; 


te = final temperature of liquid in 
storage tank, F; 

é= total time of cycle = sum of on 
and off times of compressor, min; 

6c = time compressor runs, min. 
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STORAGE TANKS Wherever chilled 
water or brine is circulated for air con- 
ditioning or refrigerating purposes, the 
use of a storage tank permits operating 
economies to be achieved. By using a 
storage tank, the compressor can be op- 
erated at practically full load whenever 
it is running. Under light load, the run- 
ning time of the compressor will be 
about directly proportional to the cool- 
ing load with resultant economy in elec- 
tricity and condensing water. Further- 
more, the use of a storage tank prevents 
short cycling of the compressor under 
light load. . . . The method of properly 
sizing storage tanks so that they are 
neither too large nor too small is dis- 
cussed in a practical, how-to-do-it' man- 
ner in this article and tables for quickly 
computing the required size of storage 
tanks are presented. The data given are 
unavailable elsewhere and have been de- 
veloped by Bill Goodman, consulting 
engineer, The Trane Co., and member 
of HPAC’s board of consulting and con- 
tributing editors, for presentation here 
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used by the compressor will be al- 
most directly in proportion to the 
load and, consequently, substantial 
savings in power can frequently be 
effected by the use of a storage tank. 

Under light load, the use of a 
water storage tank prevents fre- 
quent cycling of the compressor. 
The storage tank can be so sized 
that when the compressor does op- 
erate, it will run for not less than 
a definite time. 


Sizing the Storage Tank 


Table 1 can be used for conveni- 
ently and quickly determining the 
size of a storage tank required for 
systems in which the installed com- 
pressor capacity is equal to the 
maximum cooling load. During 
periods of light cooling load, the 
compressor capacity will obviously 
be greater than the cooling load. 
The storage tanks discussed in this 
article are of the type in which the 
stored fluid remains liquid ; no freez- 
ing occurs. 


Copyright, 1941, by William Goodman 


The figures across the top of 
Table 1 show the ratio of the actual 
cooling load to the compressor ca 
pacity—that is, the load ratio. In 
Table 1, load ratios up to 0.50 are 
listed at the top of the various col 
umns ; load ratios greater than 0.50 
are listed at the bottom of the col 
ums, 

The figures in the body of Tabk 
1 give the length of time that the 
compressor will operate, the length 
of time that it will be off, and the 
total time of the cycle—which is 
the sum of the “on” and “off ’ times 

for the various storage capacities 
listed in columns 1 and 32. 

The figures in columns 1 and 32 
(which are headed “Storage Ca 
pacity”) represent the storage ca 
pacity in Btu per ton of compressor 
capacity. To determine the volume 
of water or brine to be stored, the 
following formula may be used: 


Hs 
Gallons li 
8.33 sc (ts — ti) 

For convenience, storage data for 
water are presented in Table 2. The 
data in this table have been pre 
pared by means of Formula 1. To 
use Table 2 for brine or any fluid 
other than water, divide the “gal 
lons of water storage” by the prod 
uct of the specific gravity and the 
specific heat of the fluid being used. 

When using either Formula 1 or 
Table 2, the allowable temperature 
rise of the water in the storage tank 
must first be determined. This rise 
is determined by the maximum tem 
perature at which water may be 
supplied to the air cooling equip 
ment and the lowest suction tem 
perature at which the compressor 1s 
to be allowed to operate. The rise 
in temperature of the water in the 
storage tank need not necessarily be 
the same as the rise in temperature 
of the water circulating through the 
air cooling coil. Indeed, the two 
temperature rises are generally dif 
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ferent, for a larger temperature rise 
is generally allowed in the storage 
tank. 

Because of the change in the tem- 
perature of the water in the storage 
tank, the compressor will operate 
at different suction temperatures 
during the period that the water in 
the tank is cooling. Inasmuch as 
the capacity of the compressor 
varies with the suction temperature, 
it is obvious that the compressor ca- 
pacity will be changing throughout 
the cooling period. However, for 
all practical purposes, the average 
of the compressor capacities at the 
initial and final temperatures of the 
water in the tank is sufficiently ac- 
curate, or the capacity at the mean 
suction temperature. 

Ixample 1 illustrates the use of 
Tables 1 and 2 for determining the 
size of storage tank required. 

Example 1—Water is to be supplied 
to a coil cooling air at a temperature not 
to exceed 50 F. Assume that the water 
temperature in the tank can be 
Assume also 


allowed 
to drop as low as 40 F. 
that when the water in the tank is 50 
F, the operate at a 
suction temperature of 45 F; 
the temperature of the water in the tank 
is 40 F, 
35 F. Also assume that at 45 F 


compressor will 
and when 


the compressor will operate at 
suction 
temperature the capacity of the com- 
pressor is 24 tons and that at 35 F it is 
If the minimum load is 35 per 
find: (a) 


17 tons. 
cent of the 
the storage capacity required if the com- 


maximum load, 
pressor is to operate for not less than 
30 min. (b) the time that the com- 
pressor will be off and the total time of 


a single cycle. 


Solution 

a) Average refrigerating capacity = 

(24 + 17) +2 = 20.5 tons. 
In Column 20 of Table 1, 

0.35, find the nearest 

time of 31 min. In either Column 1 or 


Column 32, in the same row as 31 min, 


for a load 


ratio of running 


the required storage capacity is found to 
be 4000 Btu per ton of refrigerating 
capacity. 

Referring to Table 2, for a 
capacity of 4000 Btu and a temperature 
rise of 10 deg, the storage required is 
i8 gal per ton of refrigerating capacity. 


storage 


Total storage required is therefore 48 x 
20.5 or 984 gal. 

b) In Column 21 of Table 1 opposite 
31 min, the off time 
In Column 22, 


the running time of 
is found to be 57 min. 
the total time of the cycle is found to 
be 1 hr and 28 min. 


In Example 1, the value of 984 
gal of water represents not only the 
water stored in the tank, but the 
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water stored in the circulating pip- 
ing system. However, a margin of 
safety is obtained by ignoring the 
water stored in the piping system 
and making the water storage tank 
equal to the computed storage ca- 
pacity of 984 gal. 

Once the size of a storage tank 
has been determined, it is possible 
to find the running, off and cycle 
times of the compressor for various 
ratios of the actual load to the maxi- 
mum load. The following example 
illustrates the method of finding the 
running time for various load per- 
centages, 

Example 2—Take the conditions of 
Example 1 and find the on, off and 
cycle times for load ratios varying from 
0.9 down to 0.1, 


Solution—To find the on, off and cycle 
times for a 0.9 load ratio, with a storage 
capacity of 4000 Btu, find the load ratio 


of 0.9 at the bottom of Column 5 in 
Table 1. In Column 5, 


age capacity of 4000 Btu, the off time is 


opposite a stor 
found to be 22 min, and the on time 3 
hr and 20 min. In the same way, the 


below (in hours and 


values tabulated 
minutes) were found for all of the vari- 


ous load ratios: 


Load 

Ratio On OF Cycle 
0.0 0- 0 Continuously 

0.1 0-22 8-20 42 
0.2 0.25 1-40 2 
0.3 0-29 1 1-36 
0.4 0-33 0-50 1-2 
0.5 0-40 0-40 1-20 
0.6 0-50 0-33 1-28 
0.7 g. F 0-29 1-36 
Os 1-40 0-25 2 
0.9 3-20 0-22 3-42 
1.0 Continuously 0- 0 


From the data in Example 2, it 
is obvious that even under very light 
loads, the storage tank is large 
enough to keep the compressor run- 
ning for over 20 min at a time. If 
a shorter running period is satisfac- 
tory, the size of the storage tank 
may be reduced. 


Method of Computing 


Table 1 


When the cooling load is less than 
the compressor capacity, and a 
storage tank is used, the running 
time of the compressor will be less 
than the time during which cooling 
is required. The object of the stor- 
age tank is to keep the compressor 
from cycling frequently when the 
cooling load is less than the maxi- 
mum. 

If the compressor capacity and 
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the minimum cooling load 
known, an equation can be 
veloped between the size of sto: 
tank required and the running 
of the compressor, 

If the compressor operates du 
the period when the cooling loa 
less than the compressor capac 


the compressor absorbs heat 


vided by the cooling load and 
from the water in the storage t: 
Hence, 


He@c = Hs + Hit 


Hs 
Hy fy 


To find the storage capacity 
ton of refrigerating capacity, let 
200 Btu per min. Therefor: 


Hs 


200 l 


running tit 


Tabk 


The 


listed in the on columns of 


ct mM] ressor 


were computed by means of For 


mula 5, for the various values 
(H,./He), the load ratio; 


the storage capacity per ton of 


and 


frigerating capacity. 

Regardless of whether or not 
compressor is running, all of 
cooling load must eventually be 
sorbed by the compressor. This 
true even though during part of t! 
time the cooling load is carried 


the stored thermal energy, becaus 


ultimately—this stored 


must be provided by the compres 


Hence, 


sor. 
He@c = Hie. 
He 
, .&.e& 
Hy 


The cycle times listed in Tabl 
were computed by means of fy 
mula 7, and the off times listed 
Table 1 were found by subtract 
the on times from the cycle tim 

[Next month Mr. Goodman will 
cuss open and closed circulating syst 


for storage jobs, mixing stored wa 


and controls. | 
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F THE 430,000 sq 

rentable and usable ar 

the First National Ba 
building, St. Paul, Minn., app: 
mately 165,000 sq ft is air c 
tioned. All of this space was o1 
nally equipped with supply air 
with double bank spray was! 
and recirculating water pun 
This equipment gave fairly satis 
tory results in fall, winter 
spring, but in summer, temp: 
ture and humidity became excess 
in most areas and particularly t! 
with mass occupancy and high lig 
ing intensities. 

Upon completion of our 

building, in 1931, I made a study 
the possibilities of converting 


MODERNIZES WITH AIR CONDITIONING 


washed air equipment to summe: 


cooling. Fortunately, there 
three artesian basins under 
building, each’ carrying water 
about 50 F. It appeared that if t! 
water could be depended upon 


produce a steady supply, it would | 


the cheapest cooling medium 
tainable. 

To satisfy ourselves of the perm 
nency of this cold water supply 
made a study of the source of su 


iné 


¢ 


ply of each of these artesian basins 


and the amount of water being wit 


drawn from each in the Twin Cit 


area. The result of this study « 
vinced us that we could count 


the required supply for many years 


Suspended Matter in Well Water 


We made a deal with a contract 


to put down a 16 in. well guarante« 


to produce 1000 gpm with not 
excess of a 20 ft draw down al 


to produce water with not in excess 


of 10 parts per million of suspend 
matter. When the well was c 
pleted, after pumping 24 hr per « 
for seven days, tests showed a lo\ 
est suspended matter count of 
parts per million. The -centract 
was about to give up and tak 
greatly reduced price. for his job 
account of excessive silica m 
water, when it occurred to me t 
if the erosion caused by the rush 
water into the hole and the whi 
ing action of the water caused 
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the action of the centrifugal pump 
could be neutralized, the inflow of 
silica could be stopped. 

I suggested this to the contrac- 
tors, who devised a clever method 
of counteracting these difficulties. 
They built a 6 in. pipe equal in 
length to the thickness of the sand- 
stone strata (60 ft), slotted this pipe 
with 4% in. vertical slots all around 
and within 5 ft of each end, welded 
wings to the outside of the pipe to 
keep it in the center of the hole, set 
the pipe and packed it all around 
with pea gravel. 

After this was completed they 
again started pumping at 1000 gpm 
and a test taken after 5 hr of pump- 
ing showed only seven parts per 
million, and after 10 hr, only three 
parts per million. Subsequent tests 
showed suspended matter as low as 
one part per million. By our fore- 
sight and persistence we secured 
water practically free from sus- 
pended matter, which was extremely 
important to future operation of our 
cooling equipment. 


Changing System to Cooling 


After the completion of the well 
and installation of the pumps, we 
ran new feed lines to all fan room 
areas of sufficient size to take care 
of the entire load and proceeded 
gradually to remodel the fan units 
for summer cooling. All of the old 
units were two bank spray washers, 
with recirculating pumps, and with- 
out filters. Typical procedure was 
about as follows: 

One bank of sprays and moisture 
vaffles were removed, and blast coils 
installed in about the position of 
the moisture baffles. Ahead of the 
one bank of remaining sprays we in- 
stalled filter frames. Draft gage 
nipples were installed ahead and be- 
hind the filters to permit checking 
static pressure on filters; when the 
pressure reaches ™% in. the filters 
are changed. Each feed and return 
line is equipped with a thermome- 





MODERNIZES—Mr. Tyler, rental man- 
ager of the First National Bank build. 
ing, St. Paul, Minn., described the mod- 
ernization of the building with summer 
cooling at the recent Chicago conven- 
tion of the National Association of Build- 
ing Owners and Managers. The work in- 
volved converting the existing washed 
air ventilating system to summer cool- 
ing, and as underground water was avail- 
able at 50 F, a well was put down. Dif- 
ficulty was encountered due to the high 
amount of suspended matter in the water 
but was corrected in a clever way, as 
described by the author. He also tells 
how the fan units were changed over for 
cooling. . . . The building has recently 
installed auxiliary dampers in all outside 
supply and exhaust air openings, and 
finds that by doing so an annual saving 
of $1494 in steam for heating is made 


r 





ter to check efficiency of the coils. 
Water flow is controlled manually, 
and air temperatures are regulated 
by dampers. 

Existing distribution ducts and 
grilles were not designed for cool- 
ing. At first, we had considerable 
trouble with cold drafts, but with 
minor adjustments in duct lines and 
installation of diffusing grilles we 
soon had almost everybody happy. 

Since the system was originally 
designed for ventilation only, it does 
not deliver sufficient volumes of air 
to cool the southwest offices on the 
second and third floors, which have 
large windows and an extremely 
heavy sun load. We met this by in 
stalling recirculating cooling units. 

The total cost of the conversion 
job ran about $30,000, including 
well, pumps and feed lines to the 
12th floor for future development. 
The well water coils have a total 
capacity of about 300 tons. Oper- 
ation costs run about $1000 a year, 
which represents electric current 
and repairs. No extra maintenance 
labor was involved. 


Dampers Save $1494 a Year 


An economy idea that we have 
just completed might not be amiss 
to mention—the installation of aux- 
ihary dampers in all outside supply 
and exhaust air openings. These 


openings are on the fifth and nint! 
floor levels, a total of about 150 sq 
ft. With a 30 story building, and 
openings at these levels, the suction 
on them in cold weather is terrific 
They were originally closed wit! 
regulation metal dampers 

Studying our daily steam repo 
for one Sunday, when fans were not 
operating, I noticed that steam con 
sumption per degree day was about 
the same as on a business day wit! 
the fans running, Investigation of 
this phenomenon showed that most 
of these metal dampers would not 
close tightly and that the inrush of 


ma cold 


air through the dampers 
day was sufficient in some cases to 
run the fans backward and to re 
quire steam in the coils at all times 
Even though we could succeed it 
closing these metal dampers tight 
we would be in worse trouble, be 
cause in cold weather condensatior 
would freeze them tight 

The solution arrived at after a | 
of experimentation was the installa 
tion of a second set of dampers be 
hind the metal dampers. The new 
dampers are built of wood and set 
in wood frames, with rubber gaskets 
in the rabbets. Each opening is 
divided into convenient operating 
size. The dampers are built of out 
side layers of 34 in. plywood with 
1% in. insulation in between and 
a pine frame around the perimetet 
The doors and frames are coated 
with asphalt paint and one coat of 
aluminum paint. Operation is with 
air motors of the same type as used 
on metal dampers, controlled so as 
to open and close with the starting 
and stopping of the fan motor 

This work was completed in De 
cember at a cost of about $2000 
Steam consumption for January 
through May was 240 lb per de 
gree day less than before secondary 
dampers were installed. This repre 
sents an annual saving of 1,800,000 
lb of steam, or at our average cost 
of purchased steam, $1494 





Building Converts Washed Air Venti- 
lating System to Summer (Cooling, 


Using Well Water... By E. A Tyler 
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HOTEL ENGINEERING 
How to Save flectucity 


LECTRIC current cost in 

hotels is three times greater 

than the cost of water and 
like the water expense, the cost of 
electric current is increasing. This 
increase is not due to higher elec- 
tric rates, but is the result of in- 
creased electric services—such as 
extensive air conditioning, more 
elaborate illumination facilities and 
electric cooking. These increases in 
the costs and consumptions of elec- 
tric current are necessary if hotels 
wish to maintain their high stand- 
ards of service and keep up with 
the times. However, many hotel 
operators have been able to offset 
these increased costs through the in- 
troduction of more efficient electrical 
equipment combined with the elimi- 
nation of waste. 

A study was issued last month by 
the American Hotel Association of 
the United States and Canada, 221 
W. 57th St., New York, N. Y.., 
which enables hotels to make prac- 
tical comparisons of their electric 
costs and consumptions with those 
of other hotels similar in size and 
type and having approximately the 
same electric consuming facilities. 
This study is volume No. 2 of a 
series on hotel engineering problems 
prepared under the supervision of 
Georges C. St. Laurent, of Wegg & 
St. Laurent, hotel consultants. Com- 
prising forty-four 84x11 in. pages, 
it is available from the AHA at 
$1.50 per copy. In order that ho- 
tels might make fair and accurate 
comparisons of their electric results 
with those of other hotels, the study 
has arranged the figures on 324 ho- 
tels in six different tables, with each 
table containing the electric results 
of those hotels having similar elec- 
tric consuming facilities. 

The book describes how a hotel 
operator may conduct his own sur- 
vey of the electric operation in his 
hotel and lists on a number of pages, 
various ideas for eliminating waste 
and lowering electric expense. The 
proper approach to the electric com- 
pany rate problem is discussed, to- 
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gether with other important prob- 
lems, such as electric generation 
compared with purchased electric 
current, and electric cooking com- 
pared with gas cooking. 

Air Conditioning 

In discussing guest room air con- 
ditioning units, it is stated that a 1 
ton unit having a 1 hp motor re- 
quires about 1500 to 2000 watts in 
starting or about 14 to 18 amp of 
electric current from a 110 volt cir- 
cuit. This is far in excess of what the 
average guest room electric circuit 
is capable of carrying in addition to 
that required for lighting. Therefore, 
where console units of more than % 
ton capacity are installed, it is usu- 
ally necessary to provide special wir- 
ing for the 34 or the 1 hp motors 
required to operate the 34 or the 
1 ton units. In order to avoid the 
expense of this special wiring, which 
may add as much as 20 per cent to 
the cost of the unit installed, it is 
advisable to make a careful check 
of the actual air conditioning load 
requirements of each guest room to 
be air conditioned. 

A section of the study is devoted 
to ways of saving electric current, 
including that for air conditioning 
equipment operation. Among the 
recommendations given are that all 
doors and windows of air condi- 
tioned spaces be kept closed and 
windows facing the outside should 
be equipped with awnings or vene- 
tian blinds. Hotel operators should 
check over their air conditioning in- 
stallations to find out how much 
outside air is being introduced, par- 
ticularly as load requirements may 
have changed due to the room be- 
ing used for different purposes, and 
provisions for outside air make-up 
provided in the original installation 
may exceed present requirements. 

Such items as clean spray nozzles 
and air filters, an adequate supply 
of condenser cooling water with 
the proper temperature difference in 
entering and leaving the equipment. 
a sufficient supply of refrigerant and 


correct adjustment of the automa: 
control devices, are a few of thy 
items that require careful and regy 
lar attention in the efficient opera- 
tion of an air conditioning syst: 
according to the report. 


Ventilation Equipment 


A substantial amount of electric 
current is consumed by practical); 
every hotel for ventilation purposes, 
says the study. Furthermore, most 
hotels are built with elaborate ven 
tilation systems designed to take 
care of the heaviest ventilating re 
quirements. These systems are oi 
two types: (1) those that are oper 
ated daily during certain hours or 
continuously, such as for the kitchen 
dining room, basement and other 
spaces; and (2) those systems that 
are used only on certain occasions 
when banquet and special functio 
rooms are to be occupied. 

Because of the extensive amount 
of ventilation equipment in hotels, 
its operation should constitute a ma 
jor responsibility for the hotel's en 
gineering department as well as of 
the various departments—such as 
food—utilizing such facilities. 

It is not unusual for ventilatio: 
fans to have motor drives of 15 or 
20 hp, consuming 11,250 to 15,000 
watts of electric current each, it is 
stated. Consequently, when one o! 
these fans is left running unneces- 
sarily, it is the same as leaving six 
hundred 25 watt lights burning with 
out reason, 

The operating hours for every 
fan should be scheduled with a log 
showing when and by whom each 
fan is started and stopped. A care 
ful study should be made to see 
whether the operation of a fan is re- 
quired or not. 

Particular care should be exer 
cised during the winter months sot 
to operate fans except when rr 
quired, because supply fans bring 
cold air into the building that mus' 
be preheated and exhaust fans dis 
charge costly warm air to the ow! 
side. 
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Panel Heating and Cooling Analysis 


ADIANT heating or cooling 
for comfort differs from con- 
vective heating or cooling 

primarily in that it attempts to con- 
trol body heat loss through adjust- 
ment of the inside surface tempera- 
ture rather than by adjustment of 
the room air temperature. Since 
only a fraction of the interior surface 
can be heated or cooled, the tem- 
perature of the controlled surface is 
a function of, but is not equal to, 
the weighted average or mean 
radiant temperature (MRT) of the 
room. Likewise the room air tem- 
perature reaches an _ equilibrium 
value which is in part determined 
by the panel temperature. 

For the reasons given, the calcu- 
lations involved in the exact design 
of a new radiant system or in esti- 
mating the characteristics of an 
existing radiant system are more 
complex than those needed in con- 
vective design. For convective 
systems an inside design air tem- 
perature is selected and a straight- 
forward calculation determines the 
necessary rate of heat input or 
removal as a function of the outside 
temperature; the calculation is 
simple and direct, also exact within 
the limits of accuracy of the physical 
constants. 

In panel heating, such a simple, 
direct and comparably exact solution 
does not seem feasible. The con- 
ditions necessary for comfort dictate 
a particular relationship between 
room air temperature (f,) and 
MRT, yet neither t, nor MRT is 
subject to direct control. For a 
particular system with a given ven- 
tilation rate and panel area, the 
pariel surface temperature is the only 
variable subject to such control and 
it must vary as a function of the 
outside temperature. The basic de- 
sign problem for such a system is, 
then, to select a panel surface tem- 
perature (?,) such that the two 
terms f, and MRT, (which vary 
with ¢,), will reach such equilibrium 
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By B. F. Raber* and F. W. Hutchinson** 


Berkeley, Calif. 


SUMMARY~—A rational method of ana- 
lyzing panel heating problems is de- 
seribed. General equations are given 
leading toward a determination of the 
mean radiant and inside temperatures 
corresponding to a fixed panel tempera- 
ture and a known outside temperature. 
The intent of the paper is to outline the 
basic theory of radiant heating or cool- 
ing calculation rather than develop prac- 
tical design methods. 


values as will retain, with respect 
to one another, a relationship that 
will satisfy the criteria for comfort. 

The function 4, = @ (MRT) 
which correlates conditions of sub- 
stantially equal comfort has been 
established experimentally over a 
limited operating range. It is based 
essentially on physiological consider- 
ations, but as better data become 
available on the way in which the 
human body utilizes the three 
mechanisms of heat dissipation, 
evaporation, convection and radia- 
tion, a rational approach based on 
a heat balance at the skin may be- 
come possible. Lacking a more 
adequate explanation, *% = @ 
(MRT) may be regarded as an 
empirical special condition arbitrat- 
ily imposed on conditions in the 
room. 

But ¢, and MRT must have spe- 
cific values such that a heat balance 
will be established on the ventilation 
air and at any part of the interior 
surface. These equilibrium temper- 
atures can be directly calculated 
from the heat transfer equations 
and are obviously dependent on the 
character of the surfaces and the 
conductances of the walls, floors, and 
other units of the construction. 


Caleulation Procedure 


Thus for a given room with speci- 
fied ventilation rate and panel area 
and a given outside temperature, 
the necessary panel surface tempera- 
ture for comfort can be determined, 
by trial and error, as follows: 

1. Assume a panel surface tempera- 
ture and calculate the corresponding val- 
ues of ¢, and MRT. 

2. From the comfort equation t, = ¢ 
(MRT), using the value of ¢, calculated 
in step 1, determine the value of MRT 
necessary for comfort. 

3. If the values of MRT as calculated 
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in steps 1 and 2 are the same, cor 
will be realized at the assumed 
temperature. If the calculated MR 
below that for comfort the room wil) !. 
too cold; if above, too hot; in this 
assume a second value of ¢, and rejea: 
the analysis. 

From the outline given, a part 
larly important fact becomes ey; 
dent: the air temperature corr 
sponding to comfort conditions i: 
radiant conditioned room will hay: 
a different equilibrium value 
each value of the outside tempera 
ture. Thus, exact control of comi 
in such a room cannot be realized by 
maintaining a constant inside tem 
perature. As a cofollary, simplified 
design methods which propose cal 
culation of the necessary MRT in 
terms of a specified room air tem 
perature are inherently incorrect 
since ¢, is a variable of the system 
which can be fixed only in terms oi 
the same _ variables—outside and 
panel temperatures—which are in 
volved in the determination oi 
MRT. 

Therefore, the criterion of panel 
design is the condition that th 
environment be such as to produc 
equilibrium values of ¢, and MK! 
which will fall on the curve ¢, = ¢ 
(MRT), but it is not possible to 
specify the point on the curve at 
which the necessary condition wil! 
be realized. Fig. 1 shows the two 
conditions which must be satisfied 
As the panel surface temperature 1s 
varied the slope of the heat transfer 
lines varies, but for any given value 
of t, there is one and only one valu 
of t, for which both the heat transfer 
and comfort relationships are satis- 
fied. 

In setting up the equations for th 
rational design of a panel system th 
most difficult problem is to deter 
mine the mean radiant temperatur« 
If the entire interior surface of the 
room were a panel and could be 
controlled at a constant and uniform 
temperature, that temperature would 
be equal to the MRT. The average 
panel in an actual room occupies 
only a small percentage of the total 
interior surface. Unheated parts 
of the surface reach different e\! 
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ibrium values depending on the 
rates of convective and conductive 
loss or gain, and the position of the 
surface with respect to the panel and 
to other unheated surfaces. Since 
the MRT represents a uniform 
temperature at which the average 
radiant flux would be equivalent to 
at in the actual room, it follows 
that determination of the MRT re- 
quires a knowledge of surface tem- 
peratures at all points in the room. 
The basic engineering problem 
therefore simplifies to one of deter- 
mining the surface temperature at 
any given point in the room. 


th 











MAT 


.og. 1—Equilibrium values of air 
vemperature and MRT at intersec- 
tions with panel temperatures 


The four sections of this paper 
deal with the classification and de- 
velopment of the equations and 
methods needed in the rational so- 
lution of panel design problems. 
The principal emphasis of this paper 
is on method of exact treatment. 
Such a theoretical analysis is jus- 
tified for at least three eminently 
practical reasons: 

1. Progress in the accurate design of 
radiant systems depends upon the devel- 
opment of more exact short cut methods 
which will more closely approximate the 
true condition of the actual system. 
While the exact analysis is in many in- 
stances too burdensome to be of direct 
application it may nonetheless effectively 
serve to indicate the direction in which 
development of approximate methods 
should proceed. 

2. The theoretical analysis is of great 
practical utility in that it offers a basis 
of comparison with other methods and 
thereby directs attention to the effects 
of such assumptions as are customarily 
made in practice; it provides a reference 
point from which the accuracy of sim- 
plifed solutions can be estimated. Every 
problem in the engineering research of 
radiant systems can be located, visual- 
ized and evaluated in the basic rational 
equations. In general, each panel re- 
search project has as its aim the simpli- 
fication or evaluation of a single term 
or factor in the general theoretical 
equation, 
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3. The theoretical equations provide 
a relatively simple method of evaluating 
the boundary conditions when estimating 
the error likely to result from use of an 
inexact method. 


The following development of 
methods for rational analysis of 
panel problems is divided into four 
sections starting with expressions 
for radiation from a single surface 
and proceeding to the general case 
of a heat balance on a radiant con 
ditioned room with floor, ceiling, 
partitions, windows and exterior 
wall surfaces all subject to different 
heat balances. These sections are: 


I. Energy Leaving a Surface by Ra 
diation: This section brings together the 
radiation equations used in calculating 
the gross and net energy leaving a sur- 
face for various special cases and for th« 
general case. The simpler equations ar 
merely defined, but derivations are given 
for the less common reflected energy 


equations. 


Il. Heat Balance on an Element of 
an Area: In section II the equations of 
the preceding section are applied to the 
basic problem of determining the surface 
temperature at any point in various types 
of ideal systems. Numerical examples 
are included to show the error which 
can occur if the equations for a simpl 
case are erroneously applied to an actual! 


room. 


Ill. Average Surface Temperature as 
a Function of Average Shape Factor 
This section investigates the adequacy of 
the usual assumption that the average 
equilibrium temperature of a surface can 
be directly calculated from a knowledge 
of the average shape factor of that su 
face with respect to the surface from 
which energy is being received. 


IV. Determination of Equilibrium Con- 
ditions in a Radiant Conditioned Room 
The exchange equations of section II are 
here applied to the problem of calculating 
the average temperature of each differ- 
ent type of room surface and the inside 
air temperature. From the calculated 
surface temperatures the MRT can be 
evaluated and comfort conditions then 
checked from a curve similar to that of 
Fig. 1. 
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Fig. 2—For conditions under I (A) 
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I. Energy Leaving a Surface 
hy Radtation 

In the cases which follow th 

temperature at a point on the surtace 

A, 1s taken as constant with 

to time, but variable with respect 


respect 
position. The emissivity, ¢,, Is 
taken as constant with respect 
both time and position and is cor 
sidered independent of both wave 
length and angle of emissior \ 
surfaces considered in the anal 
are perfect diffusers 

\) Total energy emitted 


‘ 


By infinitesimal area df 





Fig. 3--For conditions under | (B) 


Ci j | 
A 
where q Btu per hx 
1 square tecet 
¢ = Stefan - Boltzman constant 


0.172 10 
] degrees Fahrenhe it atyse 


B) Energy emitted by the infinitesimal 

area dA, through the small solid 
angle dw; and in a direction making 
an angle #, with the normal to d4 


6 O.dw 
dq = ee,Ty'dA 
Xn 
since cos @idA, is the projected area ot 


dA; normal to the direction of radiations 


dw 
and is the fraction of hemispherical 
m 
solid angle through which radiation o 
curs. 
C) Energy leaving A; and striking 4 


when ¢: l 
1. When all other objects which 


Sees are pertect absorbers (¢ 1) 


‘ 
; 


a) The energy emitted by dA, and 
striking dAz, 


cos, cos OA AAA 


dq oe, 1," i 
ar 
from Equation (3) noting that 
cos @; d. 1. 
dw (5) 


r 
b) The energy emitted by d.4, and 
striking As, 
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Fig. 6—For conditions under I (D 


and 


reflection fror 


Energy emitted by A; and stril 


dA, 
| Fig. 4-For conditions under I (C) Fig. 5—For conditions under 1 (C) 
| 2b 
cos p; Cos bs dAs Ti‘ cos *% cos %: dAidAs: b) Energy emitted by 4; 
dq = gt:ls‘dA; — — q = oes so ing 4, after one 
xr xr 5 
wall, 
A; A A 1. 

PP Pre ee ay ee ee (6) TL EE TE RR ee AD GA ee Eee, |S a ; 
where cos ¢:, cos #2 and r are vari- 2. When 1; is completely enclosed by dA» (irom Equation (6), 


ables with respect to the position of surfaces all of which, except 42, are rs 
- ‘ cos? S¥~< 

d. f, on A,. (For parallel surfaces—as perfect reflectors (¢ = 0) dq = oe: dAx 

in Fig. 4 — ¢: = gz). a) Energy emitted by 4: and strik- ar 

c) The energy emitted by A; and ing A. as a result of direct passage PS Nyassa . 
striking Az is then, from 4, without reflection; given by 2. Energy reflected by dA. 

Equations (4), (5), or (7). striking dAdo, 
COS Ow COS Tycos¥ wdAy, 
d'q = o¢.dA~ dA ecees (9) 
as ar 


3. Energy reflected by 


qd = ots 

Az Ax 
c) Total energy striking .4, from A), 
including an infinite number of wall 
reflections: Can be expressed as an 
integral equation or developed by a 
continuation of the 
part “b”. As will be shown in a later 


method used in 


oe: 
qa (a + kb + kc + k'd Hoc cces ) dAs (11) 
x 
A; 
(See derivation in Appendix A) (1—¢,) (1—e:) 
u here, = ee — / 1 COS Gh COS @: aA; 
x = sce —_ 
P 
Ay 
COS Gi COS Ps COS Pi COS Ps 
b= ——____—— _—— lerm “a” dA; dAy 
r r 
A, . 1. 
2. When all other objects which A; reflections) from A: to A:: Use to the number of reflections between 
sees are perfect reflectors (¢ = o) Equation (11). A, and .4, directly. Combining Equa 
a) Energy striking Az as a result of b) Energy striking 4. after one re- tions (10) and (11) after revising 
direct passage (including all direct flection from a wall and without limit (11) to get the energy leaving « 
COS Ow COS Bo * cos ¥1 Cos ¥w 
— -—— - —— J (1s + ka’ + h’b’ + ....)dAs Jd Aw dAy.. (12) 
as ar 


lw 





Aw and striking A. (- 


D) The 


A, 


energy 


COS Ow COS O Ti‘cos¥ cos¥wdA 
as” ' ar 
4 1 
section, the evaluation of terms be- 


yond the first reflection is in many 
practical cases unnecessary. 

total 
striking 4, 
A, of energy initially emitted by |, 


energy leaving 4; and 


(including reflections from 
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emitted by A, and striking 


A; after one 


reflection), 


dAw dA:....(10) 


but not including energy retlecte: 


A, which is emitted by any 


source ). 


1. When all other objects whi 
sees have ¢ = 1. 
a) When e¢ 1: Use Equation (3 


b) When 0<e:<1, 





1941 














= 1A 
, 2 
1s 1, 
COS OH COLO r S Oy ¢ oOo 
b’ ———_ Term a’ dA, adAs 


c) Energy striking A, after multiple 


tion is so complex that the expression 


convection through the slab with 


wall reflections: Energy will be re is of little utility outside air at temperature 1 all 
“ 4 ; “ y Way ‘ ' ] 
turned to 1, from 1, by way of wall 1H Bala | temperatures are expressed in ce 
reflections; the quantity so returned ° eat Balance on an Element of , | 
. vrees Fahrenheit absolut Conduc 


must be added to the right side of 
Equation (11) to get the total en- 
ergy from A, and this total can then 
be used in an expression of the same 
form as Equation (12) but carried 


Area. 14 


1 


The element of area dA, is ex 
changing energy by radiation with a 


surface A. which is at a constant 


tion along the slab is taken as zero 
\ When « é 1 and dd, sees only 
1, and absolute space 


secing a pertectly abs rbing 


7 is 7 3 , ae . nS . at temperature ot absolute zer« 
out to » reflections. The equation for and uniform temperature T,, by _— , 
, ; j . The net radiant gain of energy at 
this case can be set up in the form convection with room at at tem : 
adAy is equal to the energy absorbed 


of an integral equation, but its solu- 


perature 7, and by conduction and 


at dA, from ess the total energy 
emitted by and trom Equat s 
(1) and (4), 
COose@ § be dA 
= @7:‘dA sT ‘dA (13) 
my 
l 
The term under the intewral is a where FI'ssan. 18 the shape factor comes. 
function only of the geometry of the / odA g. poe T,* (1 
system and, for convenience, the fol and is equal t : ultiplied by the here the shape fact an be evalu 
lowing definition is used, Simttion of vin bar lemutew A. oiteicls ated for any particular system 
cos }, cos @ dA falls on dA,. Equation (13) then be- . Heat balance on dA 
Fas, 4a1— ’ (14) 
xr 
A: 
odA, (T?1 l dA,(7 Tr.) + Cid A, (7 (16) 


where 

hy = film coefficient of heat 
transfer irom surtace 
dA, to room air. 

C:= conductance of slab and 
outside air film from 
surface dA; to outside 
air. 

3. Numerical example. Consider a 


slab of area A, uniformly heated to a 


TSS eer ee ewes ee awe 




















dg = C. SALT he) 


Fig. 7—For conditions under Il (A) 2 


surface temperature of 110 F and lo 


cated at distance L opposite and par- 
allel toan unheated slab of equal area 
The unheated surface is perfectly in 
sulated, conduction term drops out of 
Equation (16), and transfers heat by 
convection with room air at 60 F 
The film transfer coefficient is taken 
as 0.75 (the commonly used film co 
efficient of 1.65 includes radiant as 
well as convective heat transfer; it 


should not be used in radiant heating 


proble ms) 





Equation (16) can be used to deter 
mine the equilibrium temperature at 
various points on the unheated sur 
face Figs. 8a, b. c. show equilibriun 
temperatures at the center, middle of 
each side and corner, of the unheated 
slab for different arrangements. Not 
that the temperatures shown are de 
termined by the geometry of the ar 
rangement rather than by the actua 
dimensions of the surface Thus in 
Fig. 8a the temperatures would re 


main the same if the surfaces were 















































Fig. 8, a, b, e—For conditions under I] (A) 3 
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| a 


20 ft by 20 ft or 100 ft by 100 ft, 
providing the distance between them 
is changed to 20 ft and to 100 ft, 
respectively. 

In practice, a system in which A, 
would see absolute space could never 
be realized and equilibrium tempera- 
| tures as low as those of Fig. 8 would 
not occur. However, if absolute space 
is replaced by a clear night sky, the 


nocturnal radiation from A; can be 
measured or can be roughly calcu- 
lated by assuming an equivalent tem- 
perature of space as —50 F* and for 
such an actual system the equilibrium 





temperatures will remain lower than 
the temperature of the air in contact 
with the surface. 

B) When ¢: = ¢: = 1 and dA, is enclosed 
by surfaces all of which, except Az, 


Cc FysamdAy (T+ om Tx‘) hidA;, (T:— T,) + C.idA; (T:— Te) 


by A: or is later reabsorbed by A; 
after reflection.) 

Net transfer from 
transfer 


2. Numerical example. Using Equa- 


tion (18) with the surface arrange- 


A; to dA, 


reflection 


ments of Fig. 8, results in Fig. 9 


= direct without 
(a in Fig. 10) 

+ transfer as result of one reflection 
(b in Fig. 10) 


+ transfer as result of two reflections 


a & ¢ 

When ¢«: = ¢: = 1 
closed by surfaces all of which, ex- 
cept As, are perfect reflectors. (These 
in which 


and dA, is en- 


C) 


conditions define a 
all energy emitted by dA; is absorbed 


system 


are at the same temperature as 
and have e=1. (These condi: 
define a system in which the onl) 
from d. 


radiant transfer to or 


with respect to direct exchang: 


A:.) 

1. Heat balance. From Equat 
(6), (14), and (16) noting that 
FasanndA: = FaaiasAdez obtain... . (17) 
‘<a Qe 


(c in Fig. 10) 
+ transfer as result of three refi 
tions 
+ transfer as result of n refiectio: 
1. Direct transfer a can be evalu 
from Equation (6) [it is equal t 
radiation term in Equation (18) 
2. Transfer as a result of one ret 
tion, b, is from Equation (10), 


cos¥; cos*~. cos ras COS Ow dAs 
dq = o (Ts —T*') ———— —-— ate Jac -.. (19) 
4 PS a 4. as 


cos¥; cos¥ . 
=o (Ts — Ts‘) dA: ( Fasaaw) os dAw ..+- (@) 
xr 
Aw 
For a small but finite area of the remains substantially constant and tegral sign to give, 


can be taken out from under the in- 


( cos¥; cosh. dAw ) 
Aw ae 
or 


Aw 
dq=0e (Ts am T;*) dA, ze (Faalow CF baw) wee (22) 
AAw 


wall, AAdw, the shape factor Fasaaw 





dq =—@@ (T;‘ — T;*) dA, = ( FasAaw) 
AAw 


which strikes dA, after one wall re- 
flection and it is defined by the equa- 


Equation (22) can be more simply 
written, 
dq = ¢ (T¢ — T;') 


dA, - 


Fu.dAiwn ti n 

(23) a 
Aw 

FudAywny —< (FueAAw) (FAawdA1) 
AAw 


- multiplied by 
dA, 
the fraction of energy emitted by 


where I sod. {ir is 


A, 


















































Fig. 9, a, b, e—For conditions under II (B) 2 


*See The Calculation of Heat Transmission, 
by Fishenden and Saunders, 
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3. The transfer of energy resulting 


from further reflections can be ex- 
pressed as, 
a) For two reflections, 


dq ¢ (T,* —_ T;*) dA, . Fy fair 


(2 


b) For n reflections, 


A; 





/ 


4 
A 
/ 


/ 
K | 
Se: .4 
i | = 
dA, 
10 For 
under II 











conditions 
(C) 


Fig. 


Am Conorriontnc, Avcust, |! 








o (Ts — Ti) dA; - Fasaaree 
SLs. be chctenesecess (26) 


dq =—¢ (TY — Ti‘) 


5. Numerical example. Fig. 11a shows 
the variation of shape factor for the 
direct transfer of energy from A: to 
A,, first term in series of Equation 
(27); the system is a room 20 ft x 
20 ft x 8 ft and is shown in elevation 
in Fig. 11c. Fig. 11) shows variation 
of the shape factor for energy which 
strikes A, after one reflection, sec- 
ond term in the series of Equation 


(27). 


aq = 


dA, (Fasanr + Fasasins + Fasaair: + 





where the terms Fasaairn can be de- 


termined by analysis as in b above. 


From the values plotted in Figs. 
1la and 116 it is evident that the dis- 
tribution of energy from 4, and fall- 
ing on dA, is extremely variable with 
respect to the position of dA, for en- 
ergy transferred directly, 
but is practically uniform for energy 


which is 


after one reflection. Since 


uniformity 


received 


the degree of must in- 


crease as the number of reflections in- 


Sak acaard 
— 7 (T;* — T;‘) dA, F scans T (« 
o A; 
If Fasaa: is taken as constant over the small! are 
A, 
~F asAas 
AA 


eq =e (T;* —_ T;‘) dA, [Fs +( K 


A, 


> FasAas 


AA 


dq =o (T#— Ts) dA, 

[Fada + (K — 0.51) ] 

which can be written, 

dq =—¢o (T; — T;‘) dA, FazAare 
(30) 


Tee PPP eee ee eee eee eee eee eee 


i 


4 (0.62 + 0.50 + 0.50 + 0.40) 25 


20 « 20 


where FazAae is an equivalent shape 
factor, including reflections, for any 
particular element of area Ad). Nu- 
merical values of FasAae at various 


+ F asaarrn) 


ae 


I-valuating terms of Equation (29) from the shape factors given in Fig 


0.51, 


4. The total energy transferred from 
A; to dA, is then, 


- (27) 


creases it follows that for this pal 


ticular case a satisfactory and moré 


solution can be obtained by 


that all 


direct 
considering except 
that 


uniformly 


energy 
transferred 1s 


Witl 


this assumption and taking the overall 


which is directly 


receiy ed over A, 


shape factor of 4; with respect to 


Az as a constant having the calcul 


able value A, Equation (27) becomes, 


. (29) 


11, 


so, 


points on A, are shown in Fig. 12a 
equilibrium 


the 


while the corresponding 


temperatures, calculated from 


heat balance equation, 


g (T;* ae T;‘) GA,F acAare = hidA, (T, = T:) al C.idA, (T; 7 ihe edn (31) 


are shown in Fig. 12). Of particular 
interest is the fact that the equiva- 
lent shape factor at the center of 4, 
(Fig. 12a) would exceed unity if the 
walls were perfect specular reflectors 
(instead of reradiating matt surfaces 
from which the distribution of re- 


dq = 6 (Ts — Ti") dA; [i acans + (1 — Cw) Fracaains +... + (1 


D) 


flected energy is independent of 
angle). 
When e: = ¢: = 1 and dA, is en- 


closed by surfaces all of which, ex- 


cept 4,, have ¢w between zero and 


unity. The walls are considered to be 
at the same temperature as the partic- 


tw )*F acaaire] 


and the heat balance on d4, is therefore given by, 


o(Ts — Ts‘) dA, [Facaas + (1 —éw) Fasaairs + ** +. (1 — Sy F gsaaire) = 


Equation (33) 
treatment by 


is not subject to 

simplification of 
Equation (28) and its solution de- 
pends on evaluation of the series. 
When e: and és are each between zero 
and unity and A, is enclosed by sur- 
faces all of which, except As, have 
and are at a_ temperature 
equal to that of dA. 

The net radiant heat transfer is 
evaluated in a manner similar to that 


the 


Ce == 3 
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ular element of area, dA;, on which 
the heat balance is being established 

Using the method of analysis de 
veloped for perfectly reflecting walls, 
that the 


éw), becomes a multi- 


but noting actual wall re- 
flectivity, (1 
plying factor in Equation (9), it is 


found that Equation (27) becomes: 


{32) 




































































hdA(T T.) + Cid A(T; -— Tz) (33) 
e 26 
Ag fe*H0" &*/ 
sq £8 7 Ame ha ft, * 60" x 
: . 
- . 
42 Ad Tt 
Plan f =f 
40 ro — Llevation 
ro ve 
Fig. 11, a, b, e For conditions under Il (C) 5 
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used in deriving Equation (11); the resultant heat balance is: 


where, é = 


3 cos ?, cos %.d. 1. 
A - 


cos ?, cos Pz 


a _— 


- &. rae 
COS 7, COS 


Ey ee 


cos”? 


ii “(a aa kb + k*c xo °« ) —_— nif (a’ + kb +- k*-* + o's a Ja 1, Ind Ay T; T.) + Cid Ax ( T:- To) occ (34) 
A; 


) (Term a’)dA | dA, 
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When ¢:, ¢: and ew are all between 
zero and unity (not necessarily equal 
to one another) and 4; is enclosed 
by surfaces all of which, except Az, 
are at a temperature equal to that 
of the element of area di; on which 


the heat balance is to be established. 


Fig. 13 shows some of the paths 
followed by energy initially emitted 
by dA, Fig. 13a shows a typical 
path for that part of the energy 
emitted by dA; which reaches Az 
after one or more reflections from 


the wall surfaces; this fraction can 


be evaluated by a series of equations 
of the form of Equation (10). Fig. 
13) shows path for the energy trans- 
reflections be- 


ferred as a result of 


Fig. 13, a, b, ec, d 


evaluated in Equation (11). Figs. 
13c and d show possible paths in- 
volving reflections between walls and 
either 4, or A:; evaluation of trans- 


fer by such paths is possible, but too 


complex to be of great practical 
value. 
Since the system described more 


closely approaches the conditions of 
an actual room than do any of the 
preceding cases, it follows that an 
exact analytical solution of practical 
problems is usually not feasible; the 
practical problem must be solved by 
some less 
complex The 
closely the ideal system approaches 


setting up equations for 


ideal system. more 


the real system, the less will be the 














tween A, and A2; this fraction is 
oF ssa A(T — Te) = nd A(T T.) + CidAi(T:— Te) 
62 = for A=. 73 as* e7" ‘or 4°. 7? 
7a 82 87° | aas° 






































Fig. 12, a, b 


For conditions under II (C) 5 


For conditions under II (F) 


error. The section which follows 
show by example the magnituck 
the error which can result fron 
simplification of the 
III. Average Surface Temperatw 
as a Function of Avera 
Shape Factor 
A procedure commonly employed 
in practical problems is to calculate 
an average surface temperature 
based on an average value of th 
shape factor of that surface wit! 
respect to the surface with whic! 
is transferring energy. The ac 
quacy of this method can be invest 
gated by examining any one of t! 
heat balance equations. Consider 
Equation (18), 


actual syster 


eee 


If all terms in this equation othe 
than 7, and Fa.aa, are known 
becomes possible to calculate 
equilibrium value of 7, correspond 
ing to any particular shape facto! 
From a series of such calculati 
data are obtained to plot 7, as 
function of the shape factor. Th 
position and shape of the resultant 
curve (see Fig. 14) is dependent 
the numerical value of the terms of 
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the heat balance equation, but for 
the present discussion the important 
fact is that 7, is shown to be a non- 
linear function of the shape factor. 
This being so, the true average of 
point temperatures on the surface is 
not equal to the temperature corre- 
sponding to the average of point 
shape factors, or 


faFdA KSsTAA 
a ‘cor Score eaieree 
A 





In the usual operating range of 
low temperature panels the curve of 
Fig. 14 so closely approximates the 
function, 7,* = $(Facaa,) that the 
two curves may be considered as 
superimposed. Thus the mean ef- 
fective radiation from A, is not a 
linear function of the shape factor 
or, 

faFdA  §aT'dA 

-=+— (36) 
A A 


so the temperature determined from 
the average shape factor is not the 
true average for the surface nor is 
it the equivalent temperature at 
which a uniformly heated surface 
would emit an amount of energy 
equal to the emission from the 
actual infinite number of point 
sources at different temperatures. 

The determination of a curve sim- 
ilar to that of Fig. 14 is easily ob- 
tained for any specific set of condi- 
tions ; its construction will eliminate 
need for the assumption of an equiv- 
alent average temperature, since the 
temperatures at points can be di- 
rectly obtained from the curve 
(when shape factors are known) 
and the true equivalent temperature 
then calculated by the equation, 

A, 
= Ti;‘AA; 


aA 
1 


T; equivalent = — mee (37) 
A, 

Further, use of such a curve will 
show the magnitude of the error 
likely to result from the approxi- 
mate method; in many cases the 
difference is not great enough to 
justify the added work of a rigorous 
solution. 


IV’, Determination of Equilibrium 
Conditions in a Radiant Con- 
ditioned Room 

\) General statement of the prob- 
lem. 

In any room heated or cooled by 
radiant means each point on an un- 
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heated interior surface will reach an 
equilibrium temperature correspond- 
ing to particular and known values 
of the panel surface temperature, 
t, and the outside air temperature, 
t,; these equilibrium temperatures 
can be evaluated by setting up a heat 
balance at each surface and on the 
ventilation air as it passes through 
the room. Preceding sections have 
shown that the temperature on an 
unheated surface is not uniform, 
but varies with the extent to which 
each point on the surface sees the 
panel. Thus in a closed room there 
are an infinite number of unknown 
surface temperatures and an exact 
analysis of surface temperatures in 
such a room would require the 
simultaneous solution of an infinite 
number of equations. 

While an exact solution is obvi 
ously impractical, a solution accurate 
to any prescribed limit can be ob 
tained by breaking up the unheated 
interior surface into small areas A A 
and considering the surface temper 
ature constant over each such area. 
The smaller AA becomes, the more 
exact will be the solution. 

In many cases the most signifi 
cant variation in surface temperature 
will occur when the conductance 
and film coefficient change and when 
the general position of the surface 
in question is drastically altered with 
respect to the panel. Where this is 
the case a_ substantially accurate 
analysis of the surface temperatures 
throughout the room can be made 
by taking AA as equal to the total 
area of each different type of sur 
face; the analysis will then require 
simultaneous solution of as many 
heat balance equations as there are 
different surfaces. 

The method of solution outlined 
will determine an average tempera- 
ture of each inside surface. As has 
been shown in Section III, the av 


| 
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Fig. 14—For conditions under III 
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erage temperature calculated in this 
way is not exactly equal to the true 
average of the point temperatures 
across the surface, but the differ 
ence is sufficiently small to be neg 
lected in many problems. Knowing 
the average temperatures of all sur 
faces (and the air temperature) it 
becomes possible to cak ulate point 
temperatures on any one of these 
surfaces. Continuing in this way 
isothermals can be located on all 
surfaces and values of the previously 
determined average temperatures 
corrected for the non-linear relation 
ship between, 
fsFdA faldA 


- and 


A A 


Using the corrected surface tem 


perature it is possible to calculate 


the mean radiant temperature. ‘Thi 
mean radiant temperature and ait 
temperature together establish th 


environment of the room: if the i 


tersection of the calculated MR] 
and ¢, temperature falls on the com 
fort line, when this line 1s plotted 
as MRT (t,) the panel will pro 
vide comfort. If the MRT and ¢, 
lines do not intersect on the comfort 
line, a change in the heat transfer 
characteristics of the system will be 
necessary ; this can be accomplished 
by changing the ventilation rate, 
panel area or panel surface tempet 
ature. 
B) Determination of average sur 
face temperatures 

Consider a room heated or cooled 
by one or more ceiling panels at con 
stant and uniform surface tempera 
ture, ¢,. The panels will see the 
following different types of surfaces 
exterior wall, windows, floor, inside 
partitions; the unheated portion of 
the ceiling constitutes a sixth type of 
surface, but one that is not visihl; 
to the panels. No specification will 


I< 
_ healed covhing p gfere/ j 








7 ‘WS, 
<s je La lerver 
wwe// 
S La Window 
N / ~ Hy 
N / 
- ” 
i 
N f ~ Siw 











Lievelion 


Fig. 15—-For conditions under IV (B) 
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be made concerning the distribution 
of ‘surfaces, but it will be considered 
that (except for panel and unheated 
ceiling) each surface is able to see 
five other types of surfaces. Sur- 
faces of the same type will be con- 
sidered as at the same temperature 
regardless of the fact that they may 
be in different walls. In the fol- 
lowing treatment each type of sur- 
face will be treated as though it oc- 
curred only once in the system; for 
windows, etc., which appear in more 
than one wall the necessary exten- 
sion of this treatment is obvious. 
The equations will be. established 
for a room in which all surfaces have 
an emissivity of unity (for most sur- 


Quit + Quote + Greet + Guet + Gnwe = Gee + Geer 


but by Equation (7), 


faces found in practice the emissivity 

exceeds 0.9). 

1. Nomenclature. 

q = Btu per (hr) (sq ft) 

First subscript : 

C = conduction 

V = convection 

R = radiation 

W=pounds per hour of ventilation air 
passing through the room. 

Second subscript: 


f = floor 
w = outside wall 
g = glass 


c = unheated ceiling 

= interior wall adjoining heated room 
panel 

= outside air 

= room air 


aow> 
II 





Examples: 

Gee = Btu per (square foot) (hour 
transfer by conduction betwe: 
the inside surface of the glass a: 
the outside air. 

Qxypt = Btu per (square foot) (hou 
transfer by radiation from t 
panel to the floor, based on 
area of the floor. 

he =film coefficient for heat transi 
by convection from floor surfa 
to air in room, 

Ce = conductance from inside surface 
floor to outside air. 

2. Heat balance on each type of unheat: 

surface. 

a) Heat balance on the floor. 

Net transfer to floor by radiation 

= transfer from floor by convection 

+ transfer from floor by conduction. 

or, from Fig. 16, 


... (38) 


: cos vy Cos dAidAse 
Quit = o (Ts — Te se .. (39) 
Ay t xr 
= o(T:'— T?#) FitAe te eee a ee (40) Since the convection and conduction ten in terms of the first power. This can 
Fp I cos ®, cos %e dA\ GAs terms of Equation (38) are expressed be accomplished by defining an equivalent 
aites At ”s ie in terms of the first power of the tem- transfer coefficient for radiation by th: 
WS Areh: Sa Seana de ictistetie sae perature, it would simplify the solution equation, 
if the radiation terms could also be writ- a(Ti*‘—Trs) 
hz = — OE ceeceesosevecs (42) 
T:1—Ts 
qrit = ao (Ti* — Te’) Fite Ae = An (T1 — Te) Fie Ae = Ae (ts — te) FieAe......... (43) 
When approximate values of #; and fe can be taken as approximately equal to per cent. 


are known or can be estimated, an accu- 
rate evaluation of hr is possible—lack- 
ing such knowledge of temperatures he 


1.08; for the average temperature range 
of low temperature panel heating or cool- 
ing this value is accurate to within 4 


Substituting Ae in Equation (40), and 
taking A» as substantially constant for the 
conditions of the room, 


haa] Pts —te) + Fye(tp —te) + Fee(te — te) + F et (te — te) + Foe(tw — “| 


=[ beet) + Cx(e—1) | has wan (44) 





hel Fiets + Fyetp + Feete + Fatt, + Furte] + hete + Cote 

















&= — = — a ———.. (45) 
he( Fit + Foe + Fete + Feet + Foe) + he + Ct 
Since the entire field of vision of the floor appear in the denominator of Equa 
F4ef of floor is taken up with the five surfaces tion (45), it follows that, 
Par whose shape factors with respect to the Fie + Fort + Fee + Fee + Fue = 1 
get be | eo Seen ae ee Siac are Eee Nee Ph Arrrr ee corre yy ee (46 
Pi + ree 
Aohecdeathaithadhanthe Lnennthntlaathen hn F iets + Forty + Fette + Ferte + Fwetw) + litte + Certo 
enmaet sill t= Rigeannatnaanacioncenstndielh 4 —.. (47) 
h h Cc 
Fig. 16 — For conditions under IV li ical Masi 
(B) 2 


b) Heat balance on exterior wall surface. By analogy with Equation (45), 


-- 
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w= 








In this case, unlike that of the floor, 
the entire field of vision of the exterior 
wall may not be occupied by the other 


hel Few 4 Res + F oe + Few t Faw) +> he + C. 


five surfaces, as there may be sections of 
exterior wall in more than one wall of 
the room. If some of this exterior wall 


hel Fewte + Fiwts + F wt, — F eet. T F ewte) + hets + Cele 


———. , (48) 


is able to see another part of the same 


type of surface then, 


Fee + Fie + Fow + Few + Few = l— Fue -+- (49) 


where Fee is the shape factor of exterior 
wall with respect to such portions of the 


te= 


Note that if there is exterior wall sur- 
face in only one wall of the room the 


te = 


Note that if there is only one exterior 
wall in the room the term Fy,tw drops out 
because the window cannot then see the 
exterior wall. 


c= 


same type of surface as may be in other 
walls of the room. Note that all shape 


hnu( Peete + Fiwts + F ywt, + Fewt. T Fewt,) + hwts + Cwle 


ha(i- Pew) + he + Ce 


term /gwt, drops out because the exterior 
wall is then unable to see the window. 


hel Fagte + Fete + Fights + Fostp + Feete) + hate + Cole 


ha(1— Fes) + he +Cve 


d) Heat balance on unheated area of ceil- 
ing. By analogy from Equation (47) and 
noting that this balance includes one less 


ha (Feete + Facto + Frets + Ficti) + he + ta + Cele 


hin + he + C. 


factors for this case should be expressed 
in terms of the total area of the exterior 
wall surfaces. Then from Equation (48) 


(50) 


c) Heat balance on glass. By analogy 
from Equation (50), 


(51) 


term than the preceding ones because the 
unheated ceiling is unable to see the 


panel, 


e) Heat balance on inside partition. By analogy from Equation (47), 





ha( Feit, + Foite + Fete + Foitp + Feite) + hits + Cite 


ty - ————— = . = — (53) 
he thy t+Cy 
f) Heat balance on air passing through the room, 
0.24 (t2 — to) = Np(tp — ta)Ap +hc(te — ta)Ae + Mig(te — ta)Ag +hel(te — trd)Aw + he(te te)Ae 4 
hi ty - a Pee eesees soecesess (54) 
NytpAy + NeteAc + higttAg + hetwAw + heteAr + hitiAs + 0.24wt. 
te —_ ———e - - = (55) 


C) Determination of mean radiant 
temperature (MRT). 

From section B six independent 
Equations (47), (50) to (53), and 
(55) are available which relate the 
six unknown temperatures, f;, tw, 
fe, te, 4, and ¢t,. For any particular 
room all of the shape factor terms of 


(Tr'At + Te'Aw + Te'Ag + Te'Act+ Ti'Ai + Ty‘A, )?* 
MRT =—— —_—_—_— — _ 


hpAy + hheAc + hgAg + hw Aw + he At +hidi + O24WV 


these equations can be evaluated 
from the geometry of the arrange- 
ment. The convection and conduc- 
tion terms require a knowledge of 
the inside convective film coefficient 
and the conductance from each in- 
side surface to the outside air. 
Then for any room, with the out- 
side temperature known and_ the 








Total area of interior surface 
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panel surface temperature fixed, the 
inside air temperature and the ay 
erage temperature of each different 
surface in the room can be deter 
mined by a simultaneous solution of 
the six independent heat balance 
equations. 

The mean radiant temperature is 
then calculated from the equation, 


460. ....(56) 





















In many problems an accurate approximation can be obtained from the equation, 


MRT = 


Conditions in the room have now 
been established and reference to the 
comfort curve (Fig. 1) will deter- 
mine whether or not the values of ¢, 
and MRT which must result in or- 
der to satisfy the heat transfer rela- 
tionships actually satisfy the condi- 
tions necessary for comfort (that is, 
fall on the curve of Fig. 1). If com- 
fort conditions do not exist it is 
then necessary to vary the panel sur- 
face temperature, the panel area or 
the ventilation rate and repeat the 
analysis. 

In the usual installation the panel 
area and ventilation rate are fixed 
so the panel surface temperature is 
the only variable subject to control. 
For such a case the equilibrium in- 
side air temperature corresponding 
to a condition of comfort must vary 
with the outside temperature ; in any 
particular installation the method of 
analysis indicated above makes it 
possible to determine ¢, as a func- 
tion of f,. 

All of the previous discussion has 
been with reference to the average 
comfort environment in a radiant 
conditioned room. A factor of im- 
portance which has not yet been con- 
sidered is the variation in uniformity 
of irradiation and directional irra- 
diation experienced by an occupant 
as he moves from place to place in 
the room. A rational approach to 
this problem is possible by setting 
up an energy balance at various posi- 


teAr + twAw + teAg + teAe + ti1Ai + trAp 








Total area of interior surface 


tions in the room and at different 
points on the body surface of the oc- 
cupant. 

Conclusion 


An attempt has been made to out- 
line a rational method of analyzing 
panel heating problems and to set 
up general equations leading to a 
determination of the mean radiant 
and inside air temperatures corre- 
sponding to a fixed panel tempera- 
ture and a known outside tempera- 
ture. It has been shown: 

1. That the air temperature in a 
radiant conditioned room is a func- 
tion of the MRT and cannot be ar- 
bitrarily fixed if comfort is to be 

realized. 

2. That the MRT can be calculated 
by solving simultaneously the heat 
balance equations for each different 
type of interior surface and for the 
ventilation air. 

3. That the error likely to result 
from application of equations for a 
simple ideal system to a complex real 
system may be great. 

As already stated, the intent of 
this paper is to outline the basic 
theory of radiant heating or cooling 
calculations rather than to develop 
methods for practical design. From 
the theoretical equations, the prob- 
lems of practical design can be 
identified and their relative impor- 
tance evaluated within limits. Work- 
ing from the theoretical equations 
for the exact and general case it is 


.. (57) 


possible to develop methods of ey 
pressing such necessary informati: 
as the shape factors or the seri 
representing reflections in an actu 
room in terms of either simplific 
equations or graphs that are 
direct and simple application to th 
problems of practical design. 
The extent to which 
methods can be utilized in establis! 
ing a simple and direct practical «i 
sign procedure is dependent in part 
on a better understanding of t! 
physical significance of terms in the 
general equations but to a greate 
extent on the amount of expe: 
mental data available to check tl 
accuracy and adequacy of suc! 
methods as may, from theory alon 
seem to offer some promise. The 
authors are now at work on a com 
prehensive panel research program 
being conducted at the University 
of California at Berkeley as a c 
operative project with the Ameri 
CAN Society OF HEATING AND 
VENTILATING ENGINEERS. 
ress reports will be issued at inte: 


ratio1 


Prog 
vals, 


Appendix 


A) Energy leaving A; (of that initially 
emitted by 4:) and striking A», when 
¢, and ¢: are between zero and unity 
(but not necessarily equal to one an 
other). Walls perfect absorbers. 

1. Energy emitted by A: and striking 


dA: 


oe: Ti‘ cos %, cos % dA; 
dq = — —, dA:. 


2 


Ps A 1 r 


ga deo ee 


2. Energy reflected by As and striking dA, (1st reflection), 


ove; 1 - @2 cos ?; cos T;* cos %; cos ¢, dA, 
dan —_— ( ) ( \( —_—— ide dyes... (2a) 
x bd . 1. r 4 1; s 


3. Energy reflected (2nd) by A; and striking dA:, 


oe: (1—e:) (1—¢% ff i= %, cos %% | ie ( os ?, cos ? ( rs T;' cos %, cos %2 dA; 
dar: = -— - ~ ——— 
1 a ‘ 1, r A » r A, r 


4. Energy reflected (4th) by A: and striking dAz, 


? a= J aim ier os ?, co: b., cos ?, cos? . 
iq ge, (1 e ) (1 #1) j ° . ) j | , sie | a ond bracketted d 4 y 4 d 4 (4a 
adr = . — Cs Se et ata o °° <T: ZB0°GLES coe sececseseses ‘ 
‘ e o ? 1; } r { ! As r ¢ term trom Ja f 


a ri v 


dA dA,-dA: ......(3a) 


Then the total energy leaving A; and striking Az is, 
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Economical Air Velocities 


for 


Mechanical Air Filtration 


By Frank B. Rowley* and Richard C. Jordan** 


This paper is the result of research sponsored by the AMERICAN 
Society oF HEATING AND VENTILATING ENGINEERS in cooperation 
with the Engineering Experiment Station, University of Minnesota. 


N the removal of impurities 

from the air by mechanical fil- 

ters of the  non-automatic 
cleaning type, the question often 
arises as to what filtration § air 
velocity should be adopted for the 
most economical operation. If a 
comparatively high air velocity is 
chosen, the initial cost of the in- 
stallation is reduced, as fewer filters 
are required to handle the necessary 
volume of air. On the other hand, 
as the resistance of the air filters 
to air flow varies as some power 
(greater than one) of the air veloc- 
ity, the useful life and dust holding 
capacity of the filtration system be- 
tween recharging or replacement of 
the filters may be greatly reduced. 
Other complicating factors involved 
in the determination of the most 
economical velocity for air filtration, 
in addition to the cost of replace- 
ment or recharging of the filters and 
the yearly fixed charges or deprecia- 
tion on the initial installation, are 
filtration power costs and the rental 
value of space occupied by the sys- 
tem. Analysis may be complicated 
further by variations in efficiencies 
of filtration with changes in air face 
velocity, although tests conducted! 
over a range of practical air veloc- 
ities indicated little variation in 
efficiency when determined on a 
weight basis. 


*Director, Engineering Experiment Station, 
University of Minnesota. Memper of ASHVE. 

**Assistant Professor, Engineering Experi- 
ment Station, University of Minnesota. Mem- 
ser of ASHVE. 

‘Air Filter Performance as Affected by Kind 
of Dust, Rate of Dust Feed and Air Velocity 
through Filter, by F. B. Rowley and R. C. 
Jordan. (ASHVE Transactions, Vol. 44, 1938, 
p. 415.) 

Presented at the Semi-Annual Meeting of the 
American Society or Heatinc ann VeEnTI- 
LATING ENGINEERS, San Francisco, Calif., Tune, 
1941. 
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Velocity-Resistance Relationship 


One of the important variables 
affecting the economy of air filtra- 
tion is the relationship between air 
velocity and filter pressure drop. 
Theoretically, if the air flow through 
the filter is completely turbulent, the 
resistance to flow varies as the 
square of the velocity, while if the 
flow is laminar or stream-lined, the 
resistance varies directly as the first 
power of the velocity. Because of 
the nature of the media through 
which the air is passing, it would 
appear likely that in the case of me- 
chanical air filters a combination of 
both laminar and turbulent flow 
might occur. 

In order to determine the actual 
relationship between air velocity and 
filtration energy losses, four typical 
filters were chosen for experimental 
laboratory tests. These filters may 
be described briefly as follows: 
A—A permanent type of cleanable oil 

filter, 4 in. thick, with 24 layers of 

expanded metal and wire screen 
graded from coarse mesh at entrance 
to fine mesh at leaving side. 

B—A viscous coated throw-away type 
filter 2 in. thick. The fibrous media 
were graded in fiber size, density, and 
oiling from entering to leaving side. 

C—A cellular type filter 2 in. thick built 
in 2 sections, each with the axis of 
cells set at 45 deg to the center line 
of duct and at 90 deg to each other. 
The cells on the entering side were 
of larger dimensions than those on 
the leaving side of the filter. 

D—A filter of cotton media of coarse 
material on the entering side and 
glazed on the leaving side. The filter 
media were accordion plaited in frame 
to give an area of approximately 12 
times the cross sectional area ot the 
air stream. 


Each of these filters was subject: 
to face air velocities of 200, 300, 400 
and 500 fpm under conditions of 1m 
dust loading and at dust loadings 
corresponding to approximately 0.2 
0.3, 0.4, and 0.5 in. of water filte: 
pressure drop at a 300 fpm face air 
velocity. These velocity-resistance 
tests were made at various condi 
tions of dust loading in order to d 
termine what changes, if any, wer 
effected by differences in the dust 
loading pattern. Because of the a 
cordion plaited arrangement of the 
filtering media in Filter D, thes 
face air velocities (as based upon the 
projected filter area) were equiva 
lent to media face velocities of only 
16, 24, 33, and 41 fpm. The filter 
test apparatus used for determining 
the air velocities and the filter en- 
ergy losses, and for feeding the dust 
to the filters has been described in 
previous publications.2* The dust 
used in loading the filters was fed 
at a rate of 40 grams per hour and 
consisted of 50 per cent by weight of 
Pocahontas ash, 20 per cent Illinois 
fly ash, and 10 per cent Fuller's 
earth, all screened through a 200 
mesh screen, and 20 per cent lamp 
black screened through a 100 mes! 
screen. 

As a result of these tests it wa 
found that the relationship between 
velocity and filter resistance could 
be expressed most accurately by the 
equation, 


Se! 6 ae SS err (1 
where, R = filter resistance, inches 
water 


V =face air velocity, feet pe 
minute 


*T oc. Cit. Note 1. 

*Factors Affecting the Performance and Ra 
ing of Air Filters, by F. B. Rowley and_R. | 
Jordan. (Bulletin of the Engineering Expe: 
ment Station No. 16, November, 1939, Unive 
sity of Minnesota.) 
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Fig. 1—Velocity-resistance curves for Filter C under different Fig. 2—Velocity-resistance curves for Filter D under different 


conditions of dust loading 


C,K,n = constants, depending on filter 
design and loading. 
However, the constant C was in all 
cases less than 0.01 in. of water, 
and, therefore, a close approxima- 
tion to the actual conditions can be 
determined by a re-evaluation of the 
constants, A and n, and the relation- 

ship 


Figs. 1 and 2 show log-log graphs 
of the velocity-resistance test data 
for Filters C and D. Table 1 shows 
a summary of the velocity-resistance 
relationships for all filters tested as 
obtained from these and _ similar 
graphs. The exponent, n, is deter- 
mined from the slope of the graph; 
the constant, K, varies with both the 
velocity and the dust loading and 
has not been recorded as it has lit- 
tle practical significance. The closest 
approach to completely turbulent 
flow is found with Filter C, in which 
the resistance varies as the 1.83 
power of the velocity. The closest 
approach to laminar flow is found 
with Filter D, in which the resist- 
ance of the filter, other than for the 
initial unloaded condition, varies as 
the 1.21 power of the velocity. It is 
interesting to note that with this 
filter the velocity-resistance relation- 
ship is different for the initial un- 
loaded condition than it is when con- 
taining some dust load. Apparently 
the flow is more nearly turbulent 
when unloaded than when loaded. 
\ll of these tests indicate that for 
unit mechanical filters of usual de- 
sign the air flow can be classed as 
neither completely laminar nor com- 
pletely turbulent, but probably a 
combination of the two. It is prob- 
able that the conditions of flow 
change in different sections of the 
filters because of the gradients in 
media size and pack density. The 
range of velocities used in these tests 
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was limited to approximately that 
encountered in practice and it is 
probable that if this range had been 
extended, marked variations in the 
velocity exponents would have been 
found. 


Effect of Velocity on Filter Life 
and Dust Holding Capacity 


In order to illustrate the effect of 
face air velocity on filter life and 
dust holding capacity a series of 
standard performance tests was run 
on all four filters by the weight or 
crucible method* using the 50-20- 
20-10 dust mixture mentioned ear- 
lier at a rate of dust feed of 40 
grams per hour and a face air veloc- 
ity of 300 fpm. The resistance 
curves thus obtained, along with the 
relationships of Table 1, were used 
to determine the resistance curves 
for face air velocities of 200, 400 
and 500 fpm. Figs. 3 and 4 show 
typical families of resistance curves 
obtained for Filters C and D in this 
manner. 

These resistance curves may be 
used as a basis for determining the 
effect of face air velocity on filter 
life and dust holding capacity if an 
arbitrary limiting resistance is set 
beyond which it may be considered 


Table 1— Velocity-Resistance Relation- 
ships for Filters A, B, C, and D 
VeLocity- 
Fitter | Conprrion or FPicrer RESISTANCE 
RELATIONSHIP 
A 1 Both unloaded and R variesas V8 
with all dust loads 
B Both unloaded and R variesas V '*** 
with all dust loads 
( Both unloaded and R variesas V'*** 
with all dust loads 
D Unloaded R variesas V '*" 
D With all dust loads R variesas V''™' 


*‘ASHVE Standard Code for Testing and 
Rating Air Cleaning Devices used in General 
Ventilation Work. (ASHVE Transactions, 
Vol. 39, 1933, p. 225.) 
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conditions of dust loading 


uneconomical to operate the filter 
This is difficult to do, however, as 
such a limiting resistance depends 
With 


the majority of installations 0.4 in. 


upon a variety of conditions. 


of water is usually considered as a 
reasonable limit with a face air ve 
locity of 300 fpm, but this does not 
necessarily apply to other velocities 
In general, after a sufficiently heavy 
deposit of dust has been collected in 
the filter, the resistance curve tends 
to rise so rapidly that increasing the 
allowable maximum resistance has 
comparatively little effect in length 
ening the life and dust holding ca- 
pacity. 

Two methods of determining fil 
ter life and dust holding capacity 
were used in the present calcula 
tions. In one case the limiting re- 
sistance was taken as 0.4 in. of water, 
regardless of face air velocity; in 
the second, the life was determined 
by limiting the total resistance rise 
across the filter to 0.3 in. of water 
The results of these calculations are 
shown in the first seven columns of 
Table 2. In interpreting these re 
sults it must be remembered that the 
rate of feed was kept constant re 
gardless of changes in air velocity, 
whereas in actual filtering installa 
tions increasing the face air velocity 
results in a proportional increase in 
the amount of dust fed to the filter. 
The results of these tests indicate a 
marked increase in filter life and 
dust holding capacity with decrease 
in air velocity. As would be ex 
pected, the greatest increases in 
performance are found in all cases 
when the limiting resistance is taken 
as 0.4 in. of water rather than when 
based on a 0.3 in. of water resistance 
rise. This is caused by the tendency 
for the initial filter resistance to ap 
proach and eventually to equal the 
limiting resistance as the velocity 
increases. This face velocity at 


FY 
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vr 























which the limiting and initial resist- 
ances are equal, and consequently 
the life zero, is 436 fpm for Filter A, 
575 fpm for Filter B, 537 fpm for 
Filter C and 1028 fpm for Filter D. 

The ratiosiof the life in hours at 
200 fpm to the life at 500 fpm when 
based upon a 0.3 in. of water resist- 
ance rise for Filters A, B, C, and D 
respectively, are 1.4, 2.7, 2.7, and 
1.5. The same ratios when based 
upon a final resistance of 0.4 in. of 
water are in the same order, infinity, 
5.7, 8.0, and 1.8. This last set of 
ratios is somewhat misleading as it 
is unlikely that a 0.4 in. of water 
final resistance would be chosen in 
combination with a 500 fpm air ve- 
locity. However, a 400 fpm face air 
velocity in combination with this 
limiting resistance is quite possible, 
and certainly the first set of ratios 
based on a 0.3 in. of water resistance 
rise for all velocities and filters is a 
fair basis for comparison. 

In order to obtain a rational basis 
for translating these laboratory val- 
ues of filter life to actual filter life 
values a series of five tests was run 
to determine the normal weight con- 
centrations of dust contained in air. 
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These determinations were made by 
drawing samples of laboratory air 
through alundum crucibles and 
measuring the increases in crucible 
weght. The rate of sampling was 1 
cfm and the time of sampling 300 
min. The air-dust concentrations as 
determined by these tests ranged 
from 0.1175 to 0.0664 grains per 
1,000 cu ft with an average value of 
0.0845. Approximately this same 
average concentration was obtained 
as the result of an additional series 
of tests in which the concentrations 
were determined by electrical pre- 
cipitation of the dust onto aluminum 
foil surfaces. All of these values 
were determined during periods 
when there were no unusual activi- 
ties occurring in the laboratory 
which might cause abnormal dust 
concentrations and may be consid- 
ered as representative of the concen- 
trations to be found in typical urban 
areas. 

The last two columns of Table 2 
show the actual filter life in hours, 
based upon an air-dust concentra- 
tion of 0.0845 grains per 1,000 cu ft 
cnd for both methods of determining 
limiting filter resistance. These val- 


FILTER C 
TEST DUST: 50% POCAHONTAS ASH (200 
MESH) - 20% LAMPBLACK (100 MESH) - 
20% ILLINOIS FLY ASH (200 MESH) - 
10% FULLERS EARTH (100 MESH) 
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Fig. 3—Resistance curves for Filter C with different face air velocities 
(40 g per hour rate of dust feed) 
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ues have been calculated by multi 
plying the laboratory filter life j; 
hours by the ratio of the laborato: 
rate of dust feed to the rate of dus 
feed resulting from the passage 
normal air through the filter. Th; 
latter rate of feed varies with the ai 
velocity as it is assumed that in thi 
case the weight of dust per unit yo! 
ume of air remains constant. Ther: 
fore, it should be noted that, in o: 
der to remove the same amount « 
dust with an air velocity of 200 fp: 
as in the case of a 500 fpm air velo 
ity, it is necessary to have 2% time 
as much filtering area, as the rate o/ 
filtration is only 40 per cent as great 
Whereas these values for actual 
filter life may be considered as rea 
sonable approximations to what ma) 
be expected in practice, it should ly 
remembered that values of bot! 
laboratory and actual filter life and 
dust holding capacity will var) 
widely with the nature of the test 
dust, and in these determinations it 
has been assumed that both the arti 
ficial laboratory test dust and the 
normal atmospheric dust suspensions 
have approximately the same phys 
ical characteristics. 

Table 3 shows the variation of 
average filter resistance with face 
air velocity when based upon both a 
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TEST OUST: SO% POCAHONTAS ASH [200 MESH) - 
20% LAMPOLACK (100 MESH)— 2O% NLLINOIS FLY 
ASH (200 MESH)- 10% FULLERS EARTH (100 MESH) 


S cakiimeepenentngemaien 


eS ae ae | 


S225 
| 
—+—t— +--+ 4+ 


+—+ 
+ tt-p+ + 


, INCHES OF waTER 


FULTER RESISTANCE 





WEIGHT OF OUST FED, GRAMS 


Fig. 4—Resistance curves for Filter D 


with different face air velocities 
(40 g per hour rate of dust feed) 


Heatinc, Princ ano Am Conprrioninc, Aucust, 194! 











Table 2—Effect of Air Velocity on Life and Dust Holding Capacity for Filters A, B, C, and D 
(Laboratory Test Dust Feed 40 g per hour. Dust mixture 50, 20, 20, 10) 
: | Pitter Lire witn Air Con 
| Fitter Lire spy Laporatory | Dust HoLpinG Capacity By Rate oF Dust TAINING 0.0845 Grains Dust 
Test, Hours | Lasoratory Test, Grams Freep To Fitter PER 1000 cu FT. Hours 
| Face Arr witn Arr Con- 
| . AVERAGE VeLociry, | TAINING 0.0845 
Puver | Erriciency, Fr/MIN 0.4 1x. HeO 0.3 in. HeO 0.4 ix. HO 0.3 in. HeO GRAINS PER 1000 0.4 In. H2O 0.3 1x. HeO 
| Per Cent PINAL RESISTANCE Final RESISTANCE cu FT, GRAMS PINnal RESISTANCE 
RESISTANCE Rise RESISTANCE RIst PER Hour RESISTANCE Rist 
‘oe 200 19.0 19.0 610 610 0.183 4150 1150 
{ 80.3 300 15.3 16.8 491 40 0.274 2235 2455 
| 400 70 15.2 225 {88 0 366 765 1660 
500 0.0 13.8 0 444 0 457 0 1210 
200 17.2 16.1 M3 526 0.183 3750 510 
B | 81.7 300 9.2 10.1 | 301 330 0.274 1340 1470 
400 5.5 | 7.5 180 245 0 366 602 820 
500 3.0 6.1 OS 199 0.457 263 534 
200 17 5 16.2 490 | 154 0.183 3830 $540 
r | 60 9 300 9.2 99 257 277 0 .27 1350 1450 
400 5.5 74 154 207 0 .366 601 sou 
500 3 6.0 62 168 0 457 193 529 
200 78 7.3 292 273 0.183 1710 1600 
D 93.5 300 6.3 6.2 236 232 0.274 921 905 
100 5.2 5.5 105 at 0 366 570 603 
500 43 19 161 183 0 457 78 430 
final limiting resistance of 0.4 in. of Hi =average air horsepower’ required Rental value of occupied space, dollars 
hn eas . f Banat O 
water and also a limiting resistance for filtration Ul 
; " : . n R.O per year 
rise of 0.3 in. of water. These ta V 
average resistance values were de- 6250 The total cost of air filtration pet 
termined by finding the areas under D = power cost, dollars per air horse year will then be the sum of thes 
the resistance curves (see Figs. 3 power-hour individual cost items. or 
and 4) by means of a planimeter and A = filter area, square feet Yearly cost air filtration 
then dividing these values by the Y total annual fixed charges or de ' ; _ - 
‘ . ot eae Ort reV1t OB QO] 
abscissae. In all cases the average preciation, per Cent F \ 
resistance increases rapidly with in- 4 = cost original filtering installation, AVL 6350 wor = 
reased air velocity, and in general dollars per square foot filter area 
c as ; , “a ~ é . . . . _ Py » " 2 + 
. —_ son § F =rental value of space occupied by In analyzing Equation (3) it is 
> av 4 "S1Sté a 4 a J ) : s > 
= ete * _— odes a filters, dollars per square toot filter apparent that both A as the average 
ace reiocity 18 approx lV : : ; 
acl we seperated je ‘PP! rR , area per year resistance to air flow, and L, the 
‘0 to pe , at ata 2 ) ; : - 
two tc oo “ that at a ipm then filter life, are variables dependent 
lace velocity. 1 air horsepower Volume of air to be filtered pet year, upon air velocity. In a study of fil 


required to overcome the filter re- 
sistance is directly proportional to 
the average resistance, and there- 
fore, power costs resulting from the 
use of high air velocities may be- 
come an important item. 


Derivation of Filtration Cost 
Equation 


It is apparent from the preceding 
analysis that the correct choice of 
face air velocity is important for 
economical filtration because of its 
effect on filter life and average re- 
sistance. However, in order to de- 
termine the most economical air ve- 
locity, it is necessary to consider 
concomitantly all cost factors which 
are affected by changes in air veloc- 


ity. With this end in view, let 

V = rate of filtering, cfm 

t = time of filtering, hours per year 

C = initial cost each filter (including in- 
stallation labor charges) or cost of 
reconditioning, dollars 

’ = filter face air velocity, feet per min- 


ute 

L = life of filter, hours 

R. = average resistance of filter, inches 
of water 
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cubic feet = 60Qt 


Volume of air handled by each filter, 


cubic feet = 60AV] 
Number filters (new or re-conditioned ) 
Vt 
required per year 
AVL 
Cost of filters (new or re-conditioned), 
Vtc 
dollars per yeat - 
AVL 
Power cost, dollars per year 
= HtD 
R,QtD 
6350 


Fixed charges, dollars per year 
OBI 


1001” 
Table 3—Effect of Air Velocity on Average 
(Dust Feed 40 grams per hour. 


AVERAGE RESISTANCE, IN. OF WATER 
(0.4 1x. Water Frnat REesSIsTANcEe 


FILTER | Pace Arr VeLocirty, FT/MIN 


200 


300 | 400 500 
4 | 0.15 0 26 0 36 
B 0.20 0.23 028 | O35 
‘ 0.20 0.23 0.29 0.36 
D 0.14 | 0.18 0 22 0.25 








tration cost in any specific instance, 
it is, therefore, necessary to evaluate 
these in terms of I’, the air velocity 

In practically all instances, filter 
life, L, 


raised to some power greater than | 


is an inverse function of | 


Therefore, despite the fact that V’ 
appears in the denominator, the ex 
pression for cost of new or recondi 
tioned filters per year generally in 


creases as the velocity increases. As 
the average resistance, F,, varies di 
rectly as some power of I’, the 


yearly power costs will also increase 
as V’ increases. The yearly deprecia 
tion and space charges both decreas 
velocity as both of 


with increased 


Resistance For Filters A, B, C, and D 


Dust mixture 50, 20, 20, 10) 


AVERAGE RESISTANCE, IN. oF WATER 
(0.3 1x. Water Limitine Resistance Rist 


Face Arr VELOCITY, FT/MIN 
200 300 400 00 
0.16 0 28 0.43 0 61 
0 20 0.25 0 34 0.43 
0.18 0.25 0 35 0 47 
0.13 0.18 0 23 0.27 


®See any treatise on fan engineering for derivation 




















these expressions contain )’ only in 
the denominator. 

In determining filtration 
under practical operating conditions 
by means of Equation (3), there is 
in every case an optimum air veloc- 
ity which results in minimum yearly 
filtration charges. This velocity may 
be determined by differentiating the 
yearly cost expression with respect 
to V’, setting the resulting expres- 
sion equal to zero and solving for lV. 
However, the solution is, in most 
cases, quite difficult because of the 
number of terms in the original ex- 
pression, and it is, therefore, usually 
much simpler to assume four or five 
velocities, determine the correspond- 
ing yearly filtration charges, and 
then determine the velocity corre- 
sponding to minimum cost graphic- 
ally. 

It must be realized that analytical 
methods such as are made possible 
by the application of Equation (3) 
have definite practical limitations 
because of the difficulties encoun- 
tered in the evaluation of some of 
the terms. Usually an approximate 
numerical expression must suffice. 
However, calculation of the opti- 
mum velocity for each case encoun- 
tered is not always necessary, as 
once the weight to be placed on each 
of the factors has been established 
by the analysis of a few cases, gen- 
eral engineering judgment will usu- 
ally dictate velocities reasonably 
close to the optimum. The follow- 
ing analysis based upon actual data 
for a typical installation is presented 
as an illustration of the procedure to 
be followed in determining the opti- 
mum air filtration velocity. 

Example: It is desired to deter- 
mine the optimum filter face air ve- 
locity for an air filtration system to 
be operated in conjunction with the 
ventilation system of a building de- 
signed to handle 10,000 cfm for an 
average of 3,000 hours of operation 
each year. Unit, disposable filters, 
each 20 in. by 20 in., are to be used. 
The replacement cost of these filters, 
including labor charges, is $1.25 
each. Power is available at $0.02 
per kilowatt hour; or, assuming a 
fan efficiency of 70 per cent and a 
motor efficiency of 90 per cent, the 
power costs are $0.024 per air horse- 
power-hour. The total annual fixed 
charges on the installation, including 
interest charges on the capital ex- 
penditure and annual depreciation, 
are to be taken at 12 per cent. 


costs 


TOTAL AIR FILTRATION COST PER YEAR, DOLLARS 


Fig. 


In order to evaluate the yearly 
fixed charges and the rental value of 
the occupied space it is first neces- 
sary to determine the relationship 
between the number of filters and 
the cost of the necessary duct work 
and filter frames for the installation 
and the relationship between the 
number of filters and the floor area 
necessary for the installation. In the 
solution of the present problem the 
ductwork for several sizes of instal- 
lations was drawn up, estimates 
were obtained on the cost of this 
ductwork, and the floor area re- 
quired for these installations meas- 
ured. These relationships were thus 
found to be roughly linear. For ex- 
ample, in the case of the initial in- 
stallation cost, it was found that in 
taking the number of filters in the 
installation at 9, 18, 27, and 36 the 
minimum cost per square foot of 
filter area was $3.71 and the maxi- 
mum $4.32. Therefore, the initial 
cost of the duct work and _ filter 
frames may be taken as approxi- 
mately $4.00 per square foot of filter 
face area. In the same way the 
rental value of the space occupied by 
the additional equipment (duct 
work, filter frames, etc.) required 
for the filtration system was deter- 
mined and may be taken as approxi- 
mately $1.90 per year per square 
foot of filter face area. These fig- 
ures are based upon the prevailing 
costs for the particular locality un- 
der consideration. 

In order to evaluate the power 
costs and the cost of replacement 
filters it is first necessary to deter- 
mine the relationship between actual 
life in hours, L, (based on a limiting 





° 100 200 300 400 $00 
FACE AIR VELOCITY, FT. / min, 


5—Graphical solution of example 


showing variation of yearly filtration costs 


with face air velocity. 


Rate of filtration 
10,000 cfm 
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resistance of 0.4 in. of water ; 
dust concentration 0.0845 grai: 
1000 cu ft air) and face air ve! 
lV’, and the relationship bet 
average resistance, R,, and ai 
locity, V. Actual laboratory 
(similar to those shown in Tal 
were made on the particular | \te; 
chosen for installation and thes 
lationships found to be 

(600 — |)?" 


1972 


and 


] "0. 7 


R, =—— 


227 

In the solution of this pro! 
face air velocities of 100, 200, 30 
400, and 500 fpm were chose: 
the y arly filtration costs calculated 
by substitution of the given condi 
tions in Equation (3). The grap! 
ical solution, with these air face v 
locities plotted against the calculate 
total yearly filtration costs, is show: 
in Fig. 5. This curve indicates that 
the optimum air velocity, as far as 
filtration costs are concerned, is ii 
the neighborhood of 300 fpm. | 
this particular case, any air velocit 
chosen between 200 and 400 fp: 
would be reasonably satisfactory 
However, below 200 fpm and abov 
400 fpm, the air filtration costs rise 
very rapidly and at 100 fpm are aj 
proximately double and at 500 fp 
almost triple the minimum cost 
filter life had been determined for 
limiting resistance rise of 0.3 in 
water instead of the basis used, the 
yearly filtration would not 
have increased quite as rapidly wit! 
the higher air velocities. 
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Summary 


In this paper it has been show 
that the relationship between filte: 
resistance, R, and the face air velo 
ity, /, for mechanical filters is give! 
by the equation R = KI™ where A 
and n are constants and I” is limited 
to practical operating velocities. Thi 
exponent is dependent upon t!i 
design of the filter and in some cases 
upon the filter loading. For all filters 
tested the values of m were between 
1 and 2 indicating that the air flow 
through the filters was neither com 
pletely laminar nor completely tur) 
lent, but probably a combinatio: 
the two. 

It has been shown that the ‘a 
air velocity chosen in the oper 


o 
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of a filter has a marked effect upon 
the life and dust holding capacity of 
the filter when these performance 
characteristics are based on either a 
final limiting resistance or upon an 
allowable resistance rise. When the 
laboratory values of filter life are 
translated into actual values of filter 
life, the effect of air velocity is even 
more marked, since under practical 
operating conditions decreasing the 
air velocity decreases also the rate 
of dust feed to the filter. 

The total yearly cost of air filtra- 
tion has been shown to be dependent 
upon several factors each of which 
varies to some degree with the face 
air velocity. An equation has been 
derived showing the relationship be- 
tween air filtration costs and air ve- 
locity. The procedure has been out- 
lined by which it is possible to deter- 
mine the optimum air velocity for 
minimum filtration costs. 





NEW OFFICERS AT NORTH 
CAROLINA 


May 2, 19041. The North Caro- 
lina Chapter of the Society held its 
annual meeting at Page Hall, North 
Carolina State College, Raleigh, for 
the specific task of electing their new 
officers, who are as follows: 

President—W. M. Wallace, Il 

Vice-President—H,. H. Hill 

Secretary-Treasurer—F. J. Reed. 

Board of Governors—W. M. Wallace, 
Il, H. H. Hill, F. J. Reed, Arvin Page, 
C. Z, Adams and L. L. Vaughan. 

The meeting was also for the 
transaction of the usual business 
along with the election of the offi- 
cers, and before the meeting ad- 
journed it was announced that a 
summer meeting is being planned 
for Pinehurst and details will be 
announced later. 


SOUTHERN CALIFORNIA 
ELECTS OFFICERS 


May 14, 1941. The May meeting 
of the Southern California Chapter 
was held in Los Angeles, and Henry 
Sachs, chief engineer, Utility Fan 
Corp., gave a very interesting talk 
on evaporative cooling. He gave the 
history, problems and application of 
the evaporative cooler, very often 
referred to in the western part of 
the United States as desert coolers, 
and his talk was received by the au- 
dience with considerable interest. 

There were 27 members and 
guests in attendance, and the follow- 


ing officers were elected to serve for 


the coming season: 
President—A. J. Hess 
Vice-President—H. H. Bullock. 
Secretary—Leo Hungerford 
Treasurer—W. O. Stewart 
Board of Governors—H. H. Douglas, 
J}. Frank Park, Maron Kennedy and J. 
B. Griffith. 


ASTM HOLDS MEETING 


Intensive interest in the field of 
engineering materials, particularly 
in the development of knowledge of 
materials, and in the standardization 
of specifications and tests, was evi- 
dent at the 44th annual meeting of 
the American Society for Testing 
Materials held at the Palmer House, 
Chicago, Ill., during the week of 
June 23. During this same week 
the 6th Exhibit of Testing Appara- 
tus was in progress, stressing the 
importance of satisfactory machines, 
laboratory equipment, and supplies 
in testing and insuring quality of 
various products. 

The registration of members, 
committee members and guests ex- 
ceeded that of any other ASTM 
meeting, reaching a total of 1553. 

Progress in the field of standard 
ization was indicated by the 70 new 
specifications and tests published 
for the first time, many providing 
quality requirements and procedures 
for testing important engineering 
materials and products. 

At the technical sessions there 
were 115 technical papers and _ re- 
ports presented. It is reported that 
all of the sessions and committee 
meetings were well attended. 


E. M. JOLLEY DIES 

The many friends of Edward Me- 
Kinley Jolley will be shocked to 
learn of his sudden passing on July 
3, of a heart attack while in his car 
on U. S. highway No. 10, three 
miles east of De Soto, Kans. 

Mr. Jolley was born May 23, 
1905, at Spearfish, S. D., and at- 
tended the Spearfish State Normal 
School in preparation for his studies 
at the University of Nebraska, from 
which he received his M.E. and B.S. 
in 1928. He was a member of the 
Pi Kappa Alpha fraternity. 

From 1928 to 1937 he was sales 
engineer for the Worthington Pump 
and Machinery Corp., assigned to 
the Pittsburgh, Pa., Harrison, N. ]., 
and Kansas City offices, from which 
he resigned in 1937. At that time he 
joined the staff of The Marley Co., 
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Kansas City, Mo., as sales engineer, 
which position he held at the time 
of his death. Mr. Jolley was a fa 
miliar caller on most of the firms en 
gaged in summer air conditioning 
and refrigerating work. 

Mr. Jolley joined the ASHVI 
in 1938 and served as secretary of 
the Kansas City Chapter during the 
past year, and was recently elected 
to vice-president of the Chapter. 
He was also active in the Engineers’ 
Club of Kansas City, and in the af 
fairs of the ASME and ASRE. He 





E. M. Jolley 


will be remembered by those who 
attended the Society's 47th Annual 
Meeting in Kansas City last Janu 
ary, as he was a member of the 
Committee on Arrangements and 
was chairman of the Transportation 
Committee. 

Funeral services were held at 
4:30 p. m. on Saturday, July 5, at 
the Freeman Chapel, 42nd St. and 
Baltimore Avenue, Kansas City 

Mr. Jolley made his home at 11 
West 73rd St. Terrace, and is su 
vived by his widow, Mrs. Kather 
ine Hinckley Jolley, and two young 
daughters, aged 7 and 5, to whom 
the Officers and Council of the 
\MERICAN Society oF HEATING 
AND VENTILATING ENGINEERS ex 
tend their sincerest sympathy. He 
also leaves his mother, Mrs. Thomas 
F. Jolley, Laurel, Mont., a twin 
brother. Theodore. Butte, Mont.. 
and two other brothers, Joseph of 
Laurel and Raymond of Chicago. 

The passing of “Ed” Jolley will 
be keenly felt by the host of friends 
he had developed through service 
and a remarkably winning person 
ality. Extremely devoted to his 
work, his friends and his family, an 
outstanding able engineer and a 
stellar salesman, he was received 
everywhere with a warmth that re 
flected the genuine admiration ac 
corded him by all with whom he 
came in contact. 
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Pres. J. E. MeNevin (HPACCNA) and Pres. W. L. 
Fleisher (ASHVE) are greeted by Mayor Angelo J. Rossi 


AN FRANCISCO was the scene of the 1941 Semi- 

Annual Meeting of the AMERICAN Society OF 

HEATING AND VENTILATING ENGINEERS and the 
52nd Annual Convention of the Heating, Piping and Air 
Conditioning Contractors National Association, during 
the week of June 16. Because this was the first occasion 
on which either of the organizations had met on the Pa- 
cific Coast it was fitting to have the opening session as a 
joint function, after which the membership of both or- 
ganizations attended the opening of the Pacific Heating 
and Air Conditioning Exposition. 

Headquarters for the ASHVE was established at the 
Palace Hotel, and 360 members and guests registered. 
The St. Francis Hotel was the center of activity for the 
HPACCNA and their registration numbered 450. 


JOINT SESSION— 
Monday, June 16, 10:00 A.M. 


The joint session of the AMERICAN Socrety or HEAt- 
ING AND VENTILATING ENGINEERS and the Heating, 
Piping and Air Conditioning Contractors National As- 
sociation was called to order by Walter L. Fleisher, 
president of the ASHVE, at 10:00 a. m., June 16, in the 
Colonial Room of the St. Francis Hotel, San Francisco, 
Calif. 

Major Harry A. Shuder, U. S. Army Chaplain gave 
the invocation and John Henderson sang “God Bless 
America.” The audience then sang “America,” led by 
Messrs. Henderson and N. H. Peterson. 

Chairman Fleisher introduced the Honorable Paul 
Peek, secretary of State of California, who gave a 
message of welcome on behalf of Governor Olson, and 
a brief response was made by J. E. McNevin, president 
of the HPACCNA. Clyde E. Bentley, president of 
Golden Gate Chapter of the ASHVE extended a wel- 
come on behalf of the local chapter and Daniel Hayes, 
president of the Heating, Piping and Air Conditioning 
Contractors of San Francisco, assured the members 
assembled that it was a great pleasure for the local con- 
tractors to entertain the visiting members. 

Mr. McNevin presented Frank E. Moran, president 
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Proceedings of the 
Semi-Annual 
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AMERICAN SOCIETY OF HEATING 
AND VENTILATING ENGINEERS 


Palace Hotel—June 16-20, 1941—San Francisco 


of the Chicago Master Steamfitters Association 
Moran said that the Chicago association for many y: 
had enjoyed a very conservative and well directed gu 
ing hand centered in Louis Braun, who has just 
pleted his 25th year as executive secretary. |: 
commemoration of this occasion, he said, “the Chicag: 
association desires to present a testimonial of apprecia 
tion, and, as president, I take great pleasure in present 
ing this diamond ring to Mr. Braun.” 

Mr. Braun made a brief response and expressed | 
appreciation to the Chicago members for their fine tribute 
to his service. 

Chairman Fleisher then called on G. M. Simonsor 
chairman of the ASHVE Committee on Arrangements 
to give some announcements about the entertainment 


Chairman Fleisher introduced Mr. A. Appleton, pres 
dent of the San Francisco Chapter of American Institut 
of Architects, who gave an entertaining discussion on the 
necessity for close collaboration between architects 
engineers and contractors. Mr. Appleton spoke in part 
as follows: 

Mr. President and officers and members and their friends am 
my friends and ladies of the American Soctery or HEATING AN 
VENTILATING ENGINEERS meeting here at its Semi-Annual Meet 
ing, and the Heating, Piping and Air Conditioning Contractors 
National Association assembled for its 52nd annual convention, 
joint meeting: greetings and welcome from the architects 0! 
California. 

For myself, it is a happy coincidence, that at this time w 
you are gathered here, I hold office in the Northern California 
Chapter of the American Institute of Architects and, theretor 
as its president may I extend to you special and additional greet 
ings and welcome from our Institute. 

We architects are honored that you have invited one of us t 
be with you this day. It is my hope that I might fulfill, if onl) 
in a small measure, the responsibility involved by the acceptance 
of that invitation. 

It is unusual for an architect to come before a large group 
engineers, technicians and contractors such as yourselves. 

Engineers, in the minds of the architects, are a very serious 
group of individuals. They do take themselves and their wor 
very, very seriously. I would like to see them relax more 

The work and practice of the architect today requires 
he keep in constant touch with his collaborating engineers. T! 
development and changes in those branches of our industry with 


her 


ae 


that 
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which you are concerned keeps us forever alert and our work 
exible and fluid to adopt the new and better things that you 
provide for us, and which we distribute to the public through our 
2 rks. 

It would be very interesting to picture the average American 
dwelling place of half a century ago; the cooking element serv- 
ing as the central heating plant and the sanitary conveniences of 
primitive and uncertain character, and compare these with the 
standard equipment of the average home of today, which equip- 
ment was then not available and which only gradually through 
the years became obtainable by the average family and that of 
the upper income brackets. 

\ great percentage of our construction has always been in 
the residential class. Untold thought, unlimited energy, un 
counted hundreds of dollars have been invested in devising and 
designing that average home which today so many American 
families enjoy. 

Our countryside overflows with new home developments and 
no matter what anyone or any group might say to the contrary, 
these home units are truly miracles. It is a far journey from 
the hand-pumped water supply in the backyard to the faucet 


convenience in the kitchen of today. It is a far journey from a 
hot-water supply in the kitchen stove to the instantaneous and 
voluminous supply of today through the many hot-water heating 
devices. It is a far journey from the privy near the back fence 
to the streamlined sanitary conveniences of the bathroom of the 
average American family of today. 

I would like to dwell for a moment on this average Amer 
ican home of today. It is of inescapable importance in the well 
being of our nation. The well being of a nation is measured in 
the well being of its people. 

There are many of you, perhaps, who have not had cause or 
reason to explore, to investigate that new average American 
home. You have seen thousands of them spreading out in new 
land developments, and subdivisions around all of our large 
cities. Small, attractive, compact, streamlined and efficient gems 
of construction and enterprise. 

And, gentlemen, you have played no inconsiderable part in 
accomplishing much of this. Within the reach of practically all 
one can have today those things which were enjoyed only by a 
few a short time ago, and by no one just a few years before 
then. A kitchen well lighted with the new utilities for cooking, 


refrigerating and ventilation is the usual thing. The bath room 


is equipped with fixtures and fittings in style and quality aln 


beyond belief, and forever being improved upon, and a 
tributing to the personal physical and social welfare of 
country. 


The architects’ task of yesterday was a relatively simple ai 


easy one. Requirements and standards were simple and fixe: 


The architects’ task of today is a complex on Requirem 
and standards are complex and changing. The architects’ tas} 
tomorrow? Who knows? 

We do know that the apparatus we employ today w not 
equal that offered us tomorrow. The very nature of the practic: 
of the architect has been changed by the elements he can a 
must employ. As a matter of fact, the architect is a coordinat 
He gathers together a thousand parts, places and arranges thes 
in such a manner to form a properly functioning whole. H 
responsibility increases as he uses the products of your imagina 


tion and manufacture, 

Who of us would have the temerity to undertake the planning 
of a building and the specifying of the parts that go into tha 
building without the collaboration of you engineers he 
tect must, and he owes it to the employer to so d 


There are organizations today manufacturing mechanical ay 


paratus which they offer to the architect and guarantee t 
functioning thereof. The architect cannot and must not assume 
these things without the use of independent and unbiased « 
perts. The allure to save an engineer’s fee must be discard 

The comfort the architect finds in referring to his engineer a1 
faults or weaknesses in the mechanical plant of his building 
in itself worth the entire fee paid to such engineer 

Although I may have devoted too much effort discussing t 
residential construction and aspect of our business, that wl 


applies there in truth applies to these other types of practice that 


the architect enjoys; the other part of his practic: nsisting of 
commercial and industrial works. Perhaps, at no other time i 
our history has the talent of the building industry been call 


upon to undertake the gigantic task that is facing it today 

There is at present functioning within San Francisco, a city 
very vulnerable in the event war comes to us out of the Pacifi 
a large group of men composed of a cross-section of the entir« 
building industry with a good percentage of engineers and a 
tects participating therein. 


You must all prepare to undertake a part of the job of defens« 





ASHVE and HPACCNA in Joint Session at San Francisco 
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The vital and important part your British colleagues are now 
plzying is contained within a report that I have before me. 

It is not my intention to read this report, but it is of great and 
terrible interest. It is entitled “National Technological, Civil 
Production Committee” appointed by the Secretary of War. It 
is authentic information secured in Britain by our American 
experts. 

A good portion of this report pertains to those matters in 
which you gentlemen qualify as experts. I note that the very 
first two and probably most important sections are devoted to 
sanitary and public health and power. 

Under heading number one and listed as Subjects A, B, C 
and D are the titles, “Sewers, water supply, refuse and garbage 
disposal, public health.” 

Under number two, under “power” listed under A, B, C and 
D, “Electric, gas, communications,” there is outlined a terrifying 
situation that is being met in a heroic way by the British engi- 
neers, It is horrifying to read this report and see the devastation 
that occurs under the situation with which they are continually 
confronted. 

The job the engineers have undertaken in Britain has been a 
terrible one, but it has been excellently and magnificently met. 
This report here tells what happens when certain instruments of 
destruction fall upon the cities of Britain and what might be 
expected, and in a cold, hard matter of fact way it indicates 
the solution to each one of those problems, and we can learn 
from this and prepare ourselves from this. 

I understand that one of the great problems facing our British 
friends when they are forced to seek shelter and protection 
underground is that concerned with the air supply, and strange 
as it seems there is not a great deal mentioned herein. 

I am told that air conditioning has been the saving factor and 
that one of our very large companies specializing in this partic- 
ular branch of work is doing a wonderful job. With this and 
other engineering and mechanical aids that are being employed 
it might well be believed that the control switches in the hands 
of the British engineers will prove to be as vitally important a 
force in the victory that will ultimately come as the switches 
in the hands of the British fighting forces controlling the guns. 

This air conditioning which was given us buc yesterday in a 
practical and economical form, is today accepted and employed 
as a matter of course. Our clients with commercial and indus- 
trial projects assume that their buildings will be equipped with 
adequate machinery for air conditioning. 

I dwell on this because, like all of you, I am interested in the 
well-being of my fellow man. This great improvement has 
added to that well-being, and his well-being, the industrialist has 
learned, and has had proven to him that it is good business for 
himself, 

The world crisis which has fired our own national crisis has 
affected our entire building industry, private and public. The 
usual program of employing an architect to plan and specify 
and to make comparative bids in many instances has given way 
to the placing of tremendous contracts directly into the hands of 
the contractor, he to employ his own architects and engineers, 
and thereby practically determining the type of construction and 
professional fees to be paid. 

The Government states that speed is the essence, but, in my 
humble opinion, I believe that with the employment of those 
engineering and architectural offices and organizations now in ex- 
istence with years of experience behind them, they can do the 
job the Government requires, and on the tried and accepted basis 
of taking bids and awarding the contract to the lowest bidder. 

The practice of Government has resulted in concentrating in 
the hands of comparatively few, unbelievable and tremendous 
amounts of building construction. 

Now ladies and gentlemen, I have adequately used the mo- 
ments given me and in closing I want to forget that I am an 
architect and that you are engineers. I want to close by having 
you join me in the thought that we are all Americans faced 
with a tremendous task today and it is at such meetings as this 
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where we do collect, that we can tell these things to each « 
We must look forward to the future with a stern face and 
a sound grip on our hearts. I cannot but again welcome y, 
California and welcome you to our fair city, and when the \ 
go down and the fog rolls away you will see vistas of gra: 
that you will remember forever. 

Chairman Fleisher announced that the official con 
tion photograph would be taken after which Thomas 
Douglass of San Francisco made some announcements 
about the entertainment program which were of inte: 
Announcement was also made by Mr. McNevin of (\y 
appointment of the HPACCNA credentials committ: 

Chairman Fleisher said that in his opinion the 
session should not close without having a few remarks 
from some of the men who have been instrumenta 
the building of both organizations. He then introduced 
Harry M. Hart, Chicago, and W. H. Driscoll, Syracus 
N. Y. 

Dr. J. C. Geiger, director of Public Health for the city 
of San Francisco, was then introduced by Chairmai 
Fleisher, and he presented the greetings of Mayor Angel 
J. Rossi, and assured the assembly that San Francisco 
was very happy to entertain the group that ts doing so 
much for the comfort of America. The session adjourned 
at 12:45 p. m. 


FIRST TECHNICAL SESSION— 
Tuesday, June 17, 1:30 P.M. 


The first technical session of the 1941 Semi-Annual 
Meeting was called to order on Tuesday at 1:30 p. m., 
June 17, by W. L. Fleisher, president of the Society 
He invited G. M. Simonson, general chairman of the 
Committee on Arrangements and past president of the 
Golden Gate Chapter, to outline the arrangements for 
the meeting. 

Mr. Simonson welcomed the members and guests to 
California and announced that it was gratifying to learn 
that the registration had already far surpassed expecta 
tions. He assured the members that it would be a great 
pleasure for the Golden Gate Chapter and the commit 
tee to make their visit an enjoyable one. 

President Fleisher acknowledged the Society's appre 
ciation of Mr. Simonson’s words of welcome, and called 
for the first technical paper Panel Heating and Cooling 
Analysis, by B. F. Raber and F. W. Hutchinson (com 
plete paper published in August 1941, ASHVE Jovr- 
NAL Section, Heating, Piping and Air Conditioning 
p. 512). Professor Raber, professor of mechanical en 
gineering, Univefsity of California, in presenting the 
paper mentioned that during the last decade and in hap 
pier world conditions than those existing today, eng! 
neering visitors to England have returned with intriguing 
reports of panel heating and cooling. Even large con 
crete office buildings were found, wherein human comtort 
was maintained by merely heating or cooling portions 0! 
the ceilings. In this manner, the engineering visitors 
reported that a large radiant energy effect upon the 
occupants was realized. Also, a decidedly lower tem- 
perature of air than 70 deg was used in the heating 
season. The reports also told of the definite impre> 
sion of the invigorating quality of the indoor air under 
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Professor Raber then men- 


the conditions described. 
tioned that Mr. Hutchinson, the co-author of the paper, 
spent four months in Europe studying English and panel 
systems in other countries during his stay, and he was 
one of those who returned with such reports. 

Professor Raber further explained that the object of 
the paper was to present a basic rational analysis of 
the problem from which it might be possible to derive 
a simplified yet accurate proximate solution to facilitate 
design of radiant panel systems of higher effectiveness 
and less cost than by purely empirical methods. Re- 
search in panel heating based on the problems brought 
out in the paper, and leading toward a simplified method 
of design, he stated, is being conducted at the University 
of California in cooperation with the Society’s Research 
Laboratory. 

President Fleisher thanked Professor Raber for his 
interesting presentation and then stated that the im- 
portance of panel heating may be great or it may not, 
depending entirely on the point of view. Nevertheless, 
it is receiving more publicity today than practically any 
other method of heating. He brought out the fact that 
the idea of panel heating could be traced to the first 
century and was just coming into its own again. Fol- 
lowing these remarks, President Fleisher called for dis- 
cussion from the floor. Dr. F. C. Houghten, director 
of the Society’s Research Laboratory, Pittsburgh, ex- 
pressed his views on this very important and _ timely 
subject, and pointed out that this is the type of paper 
that usually results from intensive study at the Labora- 
tory, coming from it with a wealth of mathematical 
analysis and is a means to an end and not an end in 
itself. Dr. Houghten discussed the paper in detail, 
concluding his remarks by stating that he felt that one 
of the most important things needed in this study at 
the present time was to include data in THe GuIDE 
which will allow one to easily determine the heat emis- 
sions from panels located in the ceiling, side wall or 
floor. 

S. R. Lewis, Chicago, IIL, then offered some inter- 
esting discussion, citing as examples the systems in sev- 
eral houses he designed which have been in successful 
operation for three or four years. Hot water coils 
were embedded in the plaster of the ceiling, he said, but 
he also warned that the character of the construction 
should be studied carefully to determine the amount of 
surface required and what temperature that surface 
should be. He concluded his remarks by stating that 
people could live in comfort in houses in which some 
of the rooms have panel heating and some do not. 

Dr. F, E. Giesecke, College Station, Tex., and past 
president of the ASHVE, expressed his opinion that 
panel heating is a very broad subject and that there is 
no fundamental difference between what is called panel 
warming and the ordinary type of heating. In other 
words, if cast-iron radiators are installed in a room 
heated by steam or hot water the air would be heated, 
and the air in turn heats the ceiling and the walls and 
they again radiate. The only difference in a room 
heated with ordinary radiators and one heated with 
panels is that there is perhaps a larger proportion of 
the heat transfer by convection with a radiator than 
with a panel warming system. In both systems heat is 
transferred by radiation and convection and the dif- 
ference is only a variation in temperature. Dr. Giesecke 
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pointed out that this subject should be treated in a broad 
general way and it must be remembered that in heating 
panels the entire room is filled with heat radiation to 
which the human bodies react, and in this case the bodies 
have a higher temperature than the exchanges from the 
bodies to the surroundings. 

Prof. L. M. K. 
to discuss this timely topic. 
made that panel heating was developed during the first 
century, and stated that the dark ages of panel heating, 
alluded to by Dr. Giesecke, should have also been men 
tioned. He further explained that any high-ceiling room 
behaves in a manner almost identical with a panel heated 
The hot air in the room, however it may be 
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room, 
heated, will rise to the ceiling; the ceiling is 15 or 20 
deg warmer than the floor, and a large fraction of the 
interchange between the system and the surroundings 
will be by radiation. Thus, the proponents of panel 
heating are merely adapting a heating system which 
operated quite satisfactorily in high-ceiling rooms to the 
present vogue of the low-ceiling room. 

Mr. Hutchinson had no further comments to offer 
in closing the discussion, and President Fleisher ex 
pressed appreciation to Professor Raber and Mr. Hutch 
inson, and called for the next paper. 

J. Donald Kroeker, Portland, Ore., presented his 
paper, Weather Data for Cooling Design Application 
(complete paper published in July, 1941, ASHVI 
JourRNAL Section, Heating, Piping and Air Condition 
ing ). 

With E. O. Eastwood, Seattle, Wash., first vice-presi 
dent of the Society, presiding, discussions were called 
for, and John James, technical secretary of the Society, 
expressed the appreciation of the Society to Mr. Kroeker 
for reporting the local investigations presented in his 
paper, stating that this paper will benefit those who are 
responsible for preparing tables for the United States 
that are published in Tue Guipe. Mr. James further 
explained that the table now in Tue Guipe for design 
dry- and wet-bulb temperatures throughout the country 
has been developed as a result of the tabulations of a 
great number of figures obtained from a large numbet 
of sources, and that the problem now arises of correct 
ing this table based on more recent information such as 
the type presented by Mr. Kroeker. 

Professor Boelter offered his comments, stating that 
the collection of weather data through the United States 
mentioned by the author is a very important part of the 
air conditioning and heating program. In conclusion, 
Professor Boelter stated that he hoped that data on noc- 
turnal irradiation as well as dry-bulb, wet-bulb and solar 
irradiation will be made available in more stations 
throughout the United States. 

Chairman Eastwood thanked Mr. 
presentation and called upon Noel E. 
mento, Calif., who presented his paper entitled Concern 
ing Conservation of Underground Water with Sugges- 
tions for Control (complete paper published in June 
1941 ASHVE Journat Section, Heating, Piping and 
Air Conditioning. ) 

Glen Miller, Los Angeles, Calif., gave an illustration 
of a recent installation when using well water, describing 
the method of control, which gave constant operation 
without starting and stopping, and which, he pointed 
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out, is apparently going to be a very satisfactory mechan- 
ical solution to the problem of water control. 

President Fleisher resumed the chair and A. C. 
Buensod referred to comments by President Fleisher 
regarding an experience with a well, and related a similar 
experience in New York, questioning as to where all 
the water comes from in California and on the West 
Coast. He pointed out that in New York there are 
conservation rules which mean that you just cannot use 
the water ; you have to go too far away to get it. 

Mr. Porter joined in the discussion here and was 
greatly interested in Mr. Miller’s remarks in regard 
to the method of control. He then answered Mr. Buen- 
sod’s question as to where the water comes from, stating 
that the high Sierras, which are snowcapped through 
the year, feed the entire valley. He also mentioned 
that he felt that there would be sufficient water for many 
years to come. 

John Kelly, Bakersfield, Calif., referring further to 
Mr. Buensod’s question, mentioned that 20 or 30 years 
ago one used to be able to pump the water with a cen- 
trifugal pump; now it is being lifted with deep-well 
turbines set from 100 to 600 ft. When they go down 
much farther, he stated, these dams that are being built 
today will not do much good and the country may have 
to be given to the Indians. 

Dr. B. M. Woods, University of California, Berkeley, 
Calif., was called upon by President Fleisher, and in 
commenting on the paper, remarked that the problem 
of water conservation has to be approached in several 
ways. He referred to Mr. Porter’s discussion which 
applied to the part of the State in which the mean annual 
temperature, which is approximately that of the well 
water, is low enough to make the well water effective. 
The paper, he pointed out, only applies to those regions 
in which there is ample water and it should be empha- 
sized that out in the West, water supply is a serious 
matter. On the West Coast weak salt solutions are 
encountered and sometimes they are not so weak, con- 
sequently the question of how to handle the water be- 
comes a ticklish one. Then condenser problems arise and 
keeping the condenser clean in water that has a fairly 
high salt content is the problem. In certain regions 
where the water supply is low the cooling tower question 
comes up, and the cooling towers are matters of interest 
on this account, 

Dr. Woods in concluding his discussion commented on 
one question which he felt was apparent. One must 
submit the control of the system and solve the problems 
of conservation, at the same time taking them largely 
out of the hands of human operation. Automatic control 
is rapidly conting and one can economize from it. He 
further stated that one must recognize that the greatest 
characteristic of the age in the mechanical field is the 
fact that one can run as many things as possible with 
the skill built into the machine and not into the operator 
and that applies all the way along the line. The small 
air conditioning plant, he pointed out, depends upon not 
paying very much to run it and that means electricity 
or internal combustion engine power at 25 to 35 cents 
per horsepower hour and is a good deal better than man- 
power at $400.00 per horsepower day. 

President Fleisher then called upon Glen Miller to 
present his paper entitled Recent Developments in 


Absorption Refrigeration (complete paper to be pub- 
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lished in the JoURNAL Section, Heating, Piping and 
Conditioning). Mr. Miller stated that in any discuss 
of a new development or the bringing up to date o/ 
old development it seems that the thought given to :\, 
particular problem has to go through two or three pha: 

it must first go through a purely qualitative phas: 
which the general outline of the problem is worked . 
and the possibilities are outlined. The next stage is :|\ 
problem of quantitative study of the things that | 
been found out in the qualitative approach, and 
lastly a careful analytical demonstration of the en 
problem. The author spoke on the first phase, the pu: 
qualitative phase and explained that developments 
absorption refrigeration are so rapid that no one 
predict how far they are going, or to what use 
will be put. 

Mr. Miller’s method of presentation was received 
great interest, and at the conclusion of his paper, Pres 
dent Fleisher called for discussion from the floor. 

C. F. Boester, St. Louis, Mo., expressed his opinio: 
that as far as absorption refrigeration is concerne 
it has a very definite place in the domestic field, 
he pointed out, is not necessarily limited to absorp: 
refrigeration. Mr. Boester congratulated Mr. Mille) 
his analysis, and in conclusion brought out the point 
mentioned by the author, that the domestic field is ver) 
close and attractive to the heat and refrigeration experts 
because they can take advantage of a year-round load 
and with a very simply controlled switch for either sun 
mer cooling or winter heating. 

President Fleisher then announced that amendments 
to the By-Laws of the Society would be read by A. \ 
Hutchinson, secretary of the Society. These amendment 
were presented in accordance with the terms of Artick 
B-XVI, in a form submitted by the Committe: 
Constitution and By-Laws as follows: 


Amendments to the By-Laws 


Article B-111—Section 7—When the Admission and Advancement ( 
mittee has acted favorably upon a Candidate’s application and assigned 
grade the Council shall vote upon the election of the proposed Cand 
for membership by letter ballot. 


To be Amended as follows: When the Admission and Adyar 
ment Committee has acted upon a candidate’s application ar 
recommended his grade, the Council shall vote upon the electior 
of the proposed Candidate for membership by letter ballot 


Article B-IV’—Section 1—The admission fee of Members, Associa 
Members, Junior Members and Student Members shall be as dete: 
by the Council until 1942 and thereafter the admission fee of Memb« 
and Associate Members shall be fifteen dollars ($15.00); of Junior Me 
bers five dollars ($5.00); and of Student Members two dollars ($2 
Admission fee must accompany application. 


To be Amended as follows: The Admission fee of Members 
Associate Members, Junior Members and Student Members shal! 
be as determined by the Council until 1945 and thereafter th: 
admission fee of Members and Associate Members shall b 
teen dollars ($15.00); of Junior Members five dollars ($5.00 
and of Student Members two dollars ($2.00). Admission tee 
must accompany application. 

Article B-IV—Section 2—The annual dues of Members, Asso 
Members, Junior Members and Student Members shall be as determi: 
by the Council until 1942 and thereafter the dues of Members and Ass 


ciate Members shall be twenty-five dollars ($25.00); of Junior Me 
twelve dollars ($12.00); and of Student Members five dollars ($5 


To be Amended as follows: The annual dues of Members, 


Associate Members, Junior Members and Student Members shal! 


be as determined by the Council until 1945 and thereafter the 
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dues of Members and Associate Members shall be twenty-five 
dollars ($25.00); of Junior Members twelve dollars ($12.00) ; 
and of Student Members five dollars ($5.00). 


irticle B-VIII—Section 7—There shall be an Admission and Advance 
ment Committee of three (3) members, appointed by the Council, for 
. term of three (3) years, the term of one member expiring each year 
This Committee shall receive from the secretary all applications for 
membership, make rigid inquiry as to the eligibility of candidates, and 
report to the Council only such as have been approved. In case of dis 
approval, only the proposers and the applicant shall be notified of such 
action. The proceedings of the Committee shall be private and con 
fidential. It shall be the duty of this Committee each year to recommend 
to the Council, for transfer of grade of membership all Junior Members 
who have reached the age of thirty (30). 


To be Amended as follows: There shall be an Admission and 
\dvancement Committee of three (3) members, appointed by the 
Council, for a term of three (3) years, the term of one member 
expiring each year. This Committee shall receive from the Sec- 
retary all applications for membership, make rigid inquiry as to 
the eligibility of candidates, and report to the Council. In case 
of disapproval only the proposers and the applicant shall be 
notified of such action. The proceedings of the Committee shall 
be private and confidential. It shall be the duty of this Com 
mittee each year to recommend to the Council for transfer of 
grade of membership all Junior Members who have reached the 
age of thirty (30). 

The four amendments endorsed by the Council were 
voted upon separately and duly carried by unanimous 
vote. 

President Fleisher before adjourning the session, in- 
troduced J. E. MecNevin, president of the Heating, 
Piping and Air Conditioning Contractors National Asso- 
ciation, holding its 52nd Annual Convention at the St. 
Francis Hotel during the same week. Mr. McNevin 
acknowledged the introduction and extended an invita- 
tion to all to attend the meetings at the St. Francis. 
Mr. McNevin was glad of the opportunity of being 
present and hoped to be able to get back to more of the 
technical sessions. 

President Fleisher asked for further 
then announced that the meeting was adjourned at 
4:15 p. m. 


business and 


SECOND TECHNICAL SESSION— 
Wednesday, June 18, 9:30 A.M. 


President Fleisher called the meeting to order and the 
first paper, The Application of Gas Fuel to Existing 
Heating Boilers, by R. L. Grutzmacher (complete paper 
to be published in the ASHVE Journat Section, Heat- 
ing, Piping and Air Conditioning), was presented by the 
author. President Fleisher and E. K. Campbell, Kansas 
City, Mo., led in the discussion. President Fleisher 
thanked Mr. Grutzmacher for his presentation, and called 
for the next paper. 

J. D. MacLean, Madison, Wis., responded and deliv- 
ered his paper, Thermal Conductivity of Wood (complete 
paper published in the June 1941 ASHVE Journat 
Section, Heating, Piping and Air Conditioning). Mr. 
MacLean explained that the purpose of the experiments 
described in the paper was to make a comprehensive 
study of the factors that affect the conductivity of heat 
through wood. He further explained that the principal 
work was confined to conductivity in the radial and 
tangential directions; in other words, the right angles 


; 


to the wood fibers, and with this in mind the tests de- 
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signed to cover a large number of species have had a 
wide range of moisture content and a_ considerable 
variation in density within each species. 

B. W. Farnes, Portland, Ore., extended a cordial in 
vitation on behalf of the Oregon Chapter to the visiting 
members and their families to be their guests for a day 
or so on their return trips, to visit Bonneville Dam, 
Mount Hood, and take the Columbia River 
trip. The trip included the large power plant at Bonne 
ville Dam, the fish hatchery and the fish ladders whicl 


Highway 


assist the salmon in getting up to the spawning ground, 
something which they felt the folks from the East wer 
not familiar with and would be interested in seeing 
Many of the members showed interest in Mr. Farnes’ 
announcement, and President Fleisher was among thos 
who hoped te enjoy the Oregon Chapter’s hospitality 
For the benefit of the members returning via Los 
\ngeles, Mr. Hutchinson announced that word had been 
received that the Southern California Chapter offered its 
services to those interested in visiting the movie studios 
of Warner Bros. or Twentieth Century Fox. H. H 
Douglas, past president of the Chapter, A. J. Hess, and 
leo Hungerford, president and secretary of the Chapter, 
were ready to welcome the members as they arrived 
President Fleisher then announced the next paper, Th¢ 
Effect of Insulation on Plant Performance in the Re 
search Residence, by A. P. Kratz and S$ 
plete paper published in the May 1941 ASHVE Journats 
SecTION, Heating, Piping and Air Conditioning ), whic! 
was presented by Professor Kratz. He pointed out that 
the tests discussed in the paper were the results obtained 
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from work done in cooperation with the University of 
Illinois and the National Warm Air Heating and Av 
Conditioning Association, which association built tl 
Research Residence at the University and maintained it 
since 1924. Professor Kratz mentioned that the resi 
dence was primarily for the purpose of running tests on 
warm air furnaces and heating systems, and further 
stated that the Society has at times entered into triangular 
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cooperation on summer cooling, but the work discussed 
in this paper is all winter heating. 

Professor Eastwood, first vice-president of the Society, 
then took the chair and called for discussion from the 
floor. O. W. Johnson, San Francisco, responded and 
questioned whether the discrepancy between the calcu 
lated and observed wall temperature would be explained 
on the basis of assumed film factors by the effect of the 
paper or something to do with the surface itself 

Professor Kratz explained that the heat loss factors 
are going to be an assumed thing, but they are stated 
under one condition only. In Tur ASHVE Gurpe they 
are estimated under conditions in which you have a 40 
deg mean temperature and a 15-mile wind. He further 
brought out that the variations in either one of those 
will affect the value of heat loss coefficients and affect 
the temperature you would get as compared with the 
calculated temperature, and would affect the calculated 
heat loss as compared with the actual heat loss. Undoubt 
edly variations in the film are the largest variations that 
enter into that picture. 

President Fleisher brought up the question of the 
sun effect, and Dr. Giesecke expressed his opimion that 
the Society should give special thought to the film co 
efficient which involves radiation and convection 

In replying to Dr. Giesecke’s comment, Professor 


“ 
~ 
~ 




















Heating - Pipmy 


Conditioning 


Journal y Section 


Kratz stated that film coefficients are based entirely on 
the conception that the objects inside the room or out- 
side, wherever they are, are at the same temperature as 
the air, and if any surfaces are either warmer or colder 
than the air temperature in the neighborhood of the 
surface, the film coefficient given in Tne Gutpe does not 
hold at all because the relative proportions of convection 
and conduction have changed. 

Cecil Jones, Bakersfield, Calif., also offered his com- 
ment as to what was the effect on the human being in 
the room when it was on the wall, say 15 deg lower in 
temperature. 

H. H. Douglas, Los Angeles, Calif., cited his experi- 
ences in the past eight years in which 32 homes were 
built scattered over Southern California, half were in- 
sulated and the remaining uninsulated. Therefore, the 
kilowatt hour input was juggled about and it was found 
that between the two different groups there was a differ- 
ence in cost of operation of exactly 45 per cent, which 
confirms Professor Kratz’s figures. In contrast to the 
Research Residence, he pointed out that the houses in 
California were not built as a cube or block; sometimes 
“U” shaped with two or three or more different wings 
and angles, and consequently the outside exposure, which 
is the determining factor on heat losses is tremendously 
large in proportion to the volume as compared to the 
Research Residence. Professor Eastwood thanked Mr. 
Douglas for his interesting discussion, and following 
additional remarks by Professor Kratz, turned the meet- 
ing over to President Fleisher. 

S. H. Downs, Kalamazoo, Mich., brought up a ques- 
tion about the comparison of the total heat loss, to which 
Professor Kratz replied. 

G. L. Tuve, Cleveland, O., brought up the question 
of the measurement of temperature in rooms in the Re- 
search Residence, in which he felt there was very little 
difference in the effect on the floor to ceiling tempera- 
tures with the insulated house and he seemed surprised 
to think that people would be comfortable. Professor 
Tuve was concerned about the method of measurement, 
temperature measured at the middle only and with 
thermometers or thermocouples, and with a set of 
measuring devices in each room. 

Professor Kratz was glad that Professor Tuve opened 
up this broad subject, but replied briefly that all the 
temperatures in the Research Residence were measured 
during the heating season by using the temperature on 
which the indoor-outdoor temperatures were based. All 
the curves are based on readings of thermometers in the 
central axis of the room, Professor Kratz explained, and 
an average of 11 rooms so measured. 

S. R. Lewis mentioned that he was interested in in- 
sulation as applied to the cooling because all of that as 
far as he had gathered had been on the basis of the hot 
water or steam as used in panel heating. Mr. Lewis then 
quoted Dr. A. C. Willard, president of the University of 
Illinois, a few years back, who said, “if you increase the 
efficiency of the insulation in the ceiling, thereby what- 
ever is above that ceiling is going to be much colder 
and the temperature difference between what is below 
the insulation and that which is above the insulation 
in the attic is going to increase.” Mr. Lewis felt that 
where one ends and the other begins is rather difficult 
to say, and it may be the more insulation you put on 
the more trouble you run into in some cases, although 
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that is not quite true. He brought out the fact tha: 
and Dr. Giesecke had made some study of the dra 
downflowing currents along the windows in rooms | 
are thoroughly insulated and are heated with 130 . 
plaster in the ceiling. 

Mr. Douglas then brought up the question in con: 
tion with the fly-wheel effect or matter of storage 
volved in California and the South Coast country. 1 
changes mentioned are so great between day and ni: 
that the flywheel effect becomes very apparent. | 
related an interesting example which he had an opp 
tunity to study some years ago at California Tech, j; 
research study on insulations and various insulation t 
A man he knew became so interested in that stv 
that when he built his new home in Pasadena he u 
8 in. studding and filled the walls with redwood saw: 
which virtually made an ice-box out of the home. 7 
owner stated that his home is 10 or 15 deg coole: 
summer and easier to heat in the winter time as it u 
just half of the fuel used previously. 

President Fleisher again called upon Professor Kk: 
to present the paper, An Analysis of Factors Influencing 
Building Heat Losses, by Paul D. Close (complete pap: 
to be published in the ASHVE Journat Section, Heo 
ing, Piping and Air Conditioning). Professor Kratz 
presenting a summary of the paper stated that the author 
analyzed the sources of variations in heat loss calcula 
tions, showing why deviations occur, both in the actual 
as compared with calculated and between the different 
calculated values. The author also takes into account 
the heat capacities of the building. 

President Fleisher thanked Professor Kratz for pri 
senting Mr. Close’s paper and congratulated him for the 
manner in which he presented it. Following several 
announcements concerning the next technical session th 
meeting adjourned at 12:15 p. m. 


THIRD TECHNICAL SESSION— 
Thursday, June 19, 9:30 A.M. 


The third technical session was called to ordet 
President Fleisher, and the first paper, Resume of So 
ciety Research in Cooperative Institutions, which was to 
have been delivered by A. E. Stacey, Jr., chairman 
the Committee on Research, was presented by Mr 
James. Twenty-four years ago the idea of fundamental 
research on heating, ventilating and air conditioning 
problems was suggested to the Society, as related by 
Mr. James, and in 1919 the ASHVE Research Labora 
tory, located in the U. S. Bureau of Mines, Pittsburgh 
Pa., now under the direction of Dr. F. C. Houghten., 
became a reality. Since that time, he explained, ove: 
$600,000 has been spent on a variety of subjects ot 
which approximately 50 per cent of that amount has been 
received from membership dues and the balance has been 
contributed by various manufacturers and trade asso 
ciations. 

Mr. James also stated that in addition to maintaining 
its own Research Laboratory in Pittsburgh, the Con 
mittee on Research at the present time is actively spor 
soring cooperative research in 13 institutions. At tl 
conclusion of Mr. James’ presentation, President Fleishe 
expressed his gratitude to him for presenting the activ! 
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ties of the Society in such an excellent manner, and 
5. R. Lewis joined in thanking Mr. James and suggested 
that a message be sent to Mr. Stacey expressing a vote 
of thanks for the progress being accomplished by the 
Committee on Research under his direction. 

The Interaction Constant for Moist Air, by John A. 
Goff and A. C. Bates (complete paper published in the 
July 1941 ASHVE Journat Section, Heating, Piping 
and Air Conditioning), was the next paper, and was 
presented by Prof. L. M. K. Boelter, University of 
California. Professor Boelter announced that he was 
requested by Dean Goff to take his place in putting this 
material before the meeting. He then attempted to give 
his points of view with respect to the significance of 
this research. He brought out that the authors had 
proceeded by extremely ingenious algebra and then later 
by experimental devices, to measure the deviation from 
Dalton’s Law, making use of thermodynamics and the 
Kinetic theory. By using this algebraic manipulation 
the authors show that it is possible for them to determine 
the so-called interaction constant of molecules of water 
vapor and air by an apparatus which they illustrated in 
the paper. Professor Boelter also referred to the author’s 
mention of experimental data of German experimenters 
published in 1924, which show that the intermolecular 
constant, or something proportionate to it, varies some- 
what. In concluding, Professor Boelter felt that the 
Committee on Research should be congratulated for 
undertaking a basic research of this character and leading 
the way in the determination of some of the deviations 
from perfectness, which Dean Goff and Mr. Bates 
brought out. 

President Fleisher expressed appreciation to Dean 
Goff, who is so eminent in thermodynamics, for develop- 
ing the theory and the paper Professor Boelter presented 
so well. 

The next paper, Local Cooling of Workers in Hot 
Industry, by F. C. Houghten, M. B. Ferderber and 
Carl Gutberlet (complete paper published in the July 
1941 ASHVE Journatr Section, Heating, Piping and 
Air Conditioning) was given by Dr. Houghten. In this 
paper it was brought out that this investigation has 
developed something very interesting so far as industry 
is concerned in the emergency which exists at the 
present time, where the owner, manufacturer and the 
government itself is quite undetermined as to what con- 
ditions they should provide to properly manufacture the 
goods required in the emergency. For the last few years 
investigations have been conducted to find the maximum 
conditions under which people can work and produce 
the goods economically in all of these so-called black-out 
air conditioned buildings. Dr. Houghten brought out 
that one of the conditions observed in this investigation 
was the condition of perspiration of the worker. The 
worker without the cooling process in many cases was 
wringing wet and his clothing was wet throughout, while 
the worker who was provided with the cooling system 
did not perspire noticeably excepting at very high tem- 
peratures. The paper mentions temperatures at which 
perspiration begins at different effective temperatures, 
but you can entirely control perspiration by cooling with 
either of these methods, Dr. Houghten explained. The 
hotter the ambient condition the cooler the air, the lower 
the temperature at which the air must be supplied. S. H. 
Downs commented on the difference in the temperature 
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required for the air in the suit and in the blast wh 
the man is working. 

The paper, Economical Air Velocities for Mechani 
Air Filtration, by Frank B. Rowley and Richard 
Jordan (complete paper published in August 19 
ASHVE Journat Section, Heating, Piping and 
Conditioning) was presented by Mr. Jordan. Mr. Jor: 
explained that this paper was the result of resea: 
sponsored by the Society in cooperation with the En; 
neering Experiment Station of the University of Min 
sota. President Fleisher resumed the chair, and express«! 
his appreciation to Professor Rowley and Mr. Jord 
for this paper of special interest and importance. ||, 
extended an invitation to all members to send in writ: 
discussion on this paper. 

M. F. Blankin, Philadelphia, Pa., treasurer of the S 
ciety and chairman of the Resolutions Committee, was 
then called upon and presented the following resolutions 
prepared by the Committee, which were voted upon a: 
unanimously carried : 


Resolutions 


Wuenreas, the members of the ASHVE who are attending th 
First Pacific Coast Meeting of the Society desire to express their 
sincere appreciation for the splendid program which has bee: 
presented, now therefore, 

Be ir Resoivep, that an expression of thanks and appreciation 
be adopted and spread upon the minutes of the Society and copies 
thereof be transmitted to each of the following persons and 
agencies that have contributed to make this meeting so enjoyal|: 
for the members of the Society who attended: 

To the Golden Gate Chapter of the Society and their ladies 
who have received us with such gracious hospitality ; 

Also to the three other Pacific Coast Chapters who have 
operated so well with the Golden Gate Chapter ; 

To the members of the Committee on Arrangements for th 
fine program of entertainment ; 

To the authors of the technical papers for their valuable « 
tributions and discussions ; 

To Mayor Angelo J. Rossi for his assistance in officially ope 
ing the Exposition and the many courtesies which he extende: 


to us; 

To the Management and Staff of the Palace Hotel for their 
excellent service ; 

To Mr. Walter Swanson and the staff of the San Francisco 
Convention and Tourist Bureau for their fine cooperation and 
assistance ; 

To the newspapers for their coverage of our sessions and to 
the trade papers for their excellent publicity and attendance at 
the meetings; 

To the railroads and airlines for their courtesies and efficient 
service ; 

To the Postal Telegraph Company for its courtesy in fur- 
nishing the registration service board; 

To the University of California for arranging for the inspe« 
tion trip and meeting at the Engineering Building and the tea 
at International House; 

To Dr. Chauncey D. Leake for his splendid talk at the Sem 
Annual Banquet; 

To Dr. B. M. Woods for the excellent job he did as Toastmas 
ter at the Semi-Annual Banquet; 

To Mr. C. F. Roth and his associates for arranging a splendid 
exposition and to the exhibitors for their participation and « 
operation, 

And finally to recognize A. V. Hutchinson and his eighteen 
years of service in the Society and his fifteen years of continu 
ous service as Secretary. 

RESPECTFULLY SUBMITTED, 
M. F. BLanxin, Chairman; M. W. Bisnop, R. L. BLANDING 
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Bentley responded to Mr. Blankin and ex 


Clyde E. 
ressed the appreciation of the Golden Gate Chapter 
r the opportunity of acting as host to the Society. 

President Fleisher then announced that the last tech- 
nical session would convene at the University of Cali 


ornia, Berkeley, at 2:00 p. m. The session adjourned 


it 11:45 a. m. 


FOURTH TECHNICAL SESSION— 
Thursday, June 19, 2:00 P.M. 


On Thursday, June 19, President Fleisher called the 
final technical session to order at 2:00 p. m. in Room 
104 of the Engineering Building, University of California. 
Prof. L. M. K. 


Performance Characteristics of a 


He introduced 
Part I of the paper 
Forced Draft, Counterflow 
Howard H. Niederman, EF. D. Howe, John P. Longwell, 
Ralph A. Seban and L. M. Kk. Boelter (complete paper 
to be published in the ASHVE Journat Section, Heat 
ing, Piping and Air Conditioning). This was followed 
by the presentation of Part II, which was given by H. B. 
Nottage, Berkeley. The paper was illustrated with slides 


oelter, who presented 


Spray Cooling ‘Tower, by 


and presented an analysis of the research work conducted 
on various types of cooling towers. 


Entertainment 


The Committee on Arrangements under the able leadership of 


G. M. had 


gram for visiting members and everyone who attended the five 


Simonson arranged an elaborate entertainment pro 


day meeting retains pleasant memories of his visit with 
the Pacific ¢ 

The first get-together was the joint luncheon of engineers and 
contractors at the St Hotel on Monday, after 
Presidents Fleisher and McNevin and Honorable Angelo J 


Heating 


many 
oast members. 
Francis which 
Rossi, 
mayor of San Francisco, officially opened the Pacific 
und Air Conditioning Exposition at the Civic Auditorium. 

At 2:00 p. m., a golf held at the Lakeside 


Country Club and those who participated played the ocean course 


tournament was 
Che Research Cup was awarded to James Gayner, San Francisco, 
Other made to C. P 
In the competition 


with a score of 86-15-71 awards were 


Hensley and Fred W. Kolb, San Francisco. 


tor the Eichberg Memorial Cup the Golden Gate Chapter team 





had the best score; James Gayner, 86-15-71; W 
86-9-77; Fred W. Kolb, 102-24-78 line 

Pacific Northwest Chapter team; George FE. \ 
H. K. Mead, 101-20-81; and H. T. Griffit 111-20 
guest prize was awarded to EF. J. Balaam with a 
ot sl 


Many of the S members attended the ai 


ciety 


dance of the HPACC NA at the St. Francis Hotel 


evening and enjoyed an excell 


on Monday 


program of entertainment and dancing in the 

On Tuesday morning the ladies left the Palac« 
buses for a 
Muir Woods, 


through the redwood forest \ 


Muir Woods Im - 


seeing 
County and the 
thrilling trip 
served at the 
h 


luncheon 


trip over the Gi Iden Gate Brid 


and Mt. Tamalpais 


inan of the Ladies Committee, was in chat 
and his committee members served as ides 
During the evening there was a sightseeing t 
town and to some of the historic landmarks 
Great interest was evidenced in the ( ese tele 
Chinese theater and night club, as well as the var 
On Wednesday morning the ladies left the Pala 
scenic ride through San Francisco, including 
Rocks, Golden Gate Park and the Civic Cente 
luncheon was enjoyed at the famous Cliff House 
The Society’s Semi-Annual banquet and dances 


Palm Court of the Palace Hotel on Wednesda ey 


p. m., and after an excellent dinner, the toastmast Dt 
Woods, presented President W. L. Fleis! \ trod 
distinguished guests at the speakers’ tabl M Blat 
sented the Research ( up im the absence t the iirmat 
Committee on Research, A. E. Stace Ir. Mr. BI 
presented the Eichberg Memorial Cup to the Gold Ga 
ter 

Prof. E. O. Eastwood, First Vice-Pres 
presented the Past President's Memory B wha 
Council to Dr I | Giesecke, who respond 
acknowledgment of his appreciatior 

Dr. Woods then presented the speaker t ‘ 
{ LD). Leake, protessor ot pharma log it ft ve 
California Medical School, who gave an interest ad 
Human Engineering The toastmaster tl ted 1 
chapter officers and the members of the Cor tte 
ments of the Golden Gate Chapter to acknowledge the 
duction to the audience. Dr. Woods introduced the 
of the Society and read a resolution presented by the N 
Committee calling attention to the fact that A. V. H 

S 


has completed 15 years servic 








Semi-Annual Banquet of ASHVE, Palace Hotel, San Francisco 
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General view of exhibits at Pacific Heating and Air Conditioning Exposition 


Heatinc, Pirrinc anp Am Conprtioninc, Aucust, 1%! 














Following dinner an entertainment program was presented in an 
adjoining room with Armand Girard as master of ceremonies, 
after which dancing was enjoyed in the Palm Court to the music 
of Larry Cannon and his orchestra. 

At noon on Thursday members and ladies rode from the Pal- 
ace Hotel over the San Francisco-Oakland Bay Bridge to Berke- 
ley where luncheon was served at the Claremont Hotel to 75 
members and ladies. The group was welcomed by Dr. Woods, 
and Professor Raber gave a brief outline of the university's 
history and described some of the points of interest on the cam- 
pus. After lunch the members attended a technical session in 
the Engineering Building, while the ladies enjoyed a sightseeing 
trip around the campus, after which tea was served at Interna- 
tional House through the courtesy of the University of Cali- 
fornia. An inspection of the University laboratories was enjoyed 
by the group of 200 engineers and contractors, with the engi- 
neering department staff acting as guides. 

On Friday a joint program was participated in by the members 
of the ASHVE and the HPACCNA members, commencing with 
an inspection trip at 9:30 a. m., to Station “A” of the Pacific 
Gas and Electric Co. 

A party left the dock early in the morning for a deep sea 
fishing trip, while another group held a golf tournament at the 
Lakeside Country Club. Many of the members and ladies made 
an early morning shopping tour in the downtown district and in 
the novelty shops of Chinatown. 


Exposition 

When the master switch was pulled on June 20 the great 
mechanical exhibits at the Pacific Heating and Air Conditioning 
Exposition ended their short but vibrant life. For five days one 
of the most important and comprehensive expositions ever held 
in San Francisco was visited by many thousands of visitors who 
came to wander, stayed to wonder. And in San Francisco where 
Nature is generous with its supply of natural heat and air con- 
ditioning, Californians and others from the 11 Western states 
were brought to a dazzling realization of what science and re- 
search has accomplished for human need and comfort. 

Sponsored by the AMERICAN Society OF HEATING AND VEN- 
TILATING ENGINEERS, the exposition was acclaimed as one of the 
greatest contributions to public enlightenment of industrial fore- 





sight and progress. According to Charles F. Roth, exposition 
manager, displays of heating and air conditioning units and 
equipment became a magnetic attraction to many visitors plan 
ning the construction of homes, as well as leading engineers 
and operators. 

The exposition proved an added attraction to members and 
guests of the ASHVE and the Heating, Piping and Air Condi 
tioning Contractors National Association whose meetings wert 
held in San Francisco during the same period 

Organized visits were arranged by 
during the week. Commenting on the value of the expositior 


both groups several times 


many of the Engineers’ and Contractors’ officers expressed ap 
preciation of this cooperative venture which has directed national 
attention to the work and accomplishments of both organizations 

Among the 7,500 who registered were representatives of out 
standing construction companies, steamship operators, contra 


owners and 


tors, engineers, industrial and commercial building 
operators, home owners, architects, designers, dealers and dis 
tributors. 

Products and equipment were displayed by 83 of the for 
most manufacturers and designers in the country Included 
among these exhibits were active displays of air conditioning 


equipment, boilers and furnaces, fans and blowers, control ap 





paratus, registers and grilles, pumps, oil and gas burners, insu 
lation material, piping, unit heaters, steam traps, steam specialties 
and radiators. 

With defense activities approaching rip-tide velocity in Cali 
fornia, local and out-of-state contractors evinced intense interest 
in the exposition. Representatives of many contractor and cor 
struction groups attended frequently to survey equipment on 
display. This interest was accepted as a general reflection of 
proposals to include modern and efficient heating and air con 
ditioning equipment in all public and private construction projects 
planned for the immediate future. 

Well attended by selected audiences drawn from every part of 
the United States, the exposition was declared a distinct success, 
both from the point of view of the exhibitor and appreciative 
visitors, 

The exposition was arranged and managed by Charles | 
Roth, President of the International Exposition Co., Grand 
Central Palace, New York. 











Unless objection is made by some member by August 15, 1941, these candidates will be balloted upon by the Council. Thos 
elected to membership will be notified by the Secretary immediately after election. 


CANDIDATES 


Arxins, Grorce E., Consulting Engr., San Francisco, Calif. 


Barrett, Camprett M., Megr., General Equipment Co., Ltd., 
Vancouver, Can. 

Biarr, Ernest L., Industrial Engr., Stone & Webster Engrg. 
Corp., Boston, Mass. 

Botanp, L. C., Jr., Consulting Engr., Atlanta, Ga. 


Cottins, Leo F., Chemist, The Detroit Edison Co., Detroit, Mich. 


DICKENS, Lester A., Partner, Dickens, Scheufler, Burens, Inc., 
Cleveland Heights, Ohio. 

ena Cuartes F., Engr., The Detroit Edison Co., Detroit, 
Mich. 

Dovener, Rosert F., Engr., Atchison & Keller, Washington, 


Harpin, FRANK, Jr., Engr., Home Furnace Co., Holland, Mich. 


Horcker, Georce F., Jr., Sales Mgr., Plbg. & Htg., Sears, Roe- 
buck & Co., Union City, N. J. 

Howes, Epwarp W., Dist. Repr., General Electric Co., San 
Francisco, Calif. 

Hunter, Tuomas B., Consulting Engr., Hunter & Hudson, San 
Francisco, Calif. 

INGHAM, Joun F., Pres.-Treas., John F. Ingham, Inc., Green- 
wich, Conn. 
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In the past issues of the JourNaL of the Society the names of the following men were listed as Candidates for ‘Membership. 


The 


membership grade of each Candidate has been assigned by the Committee on Admission and Advancement and balloted upon by the 


Council. 
ing list of candidates elected: 


MEMBERS 


Anprews, W. M., Partner, Lockwood & Andrews, Engrs., Hous- 
ton, Tex. 

Bascock, Paut R., Designer, G. M. Simonson, C. E., San Fran 
cisco, Calif. 

Beats, Dowel! , Engr., Brown, Bellows, Columbia Construc- 
tion Co., Corpus Christi, Tex. (Advancement) 

CAMPBELL, Ropert E., Chief Engr., General Cooling & Htg. 
Corp., Jacksonville, Fla. (Advancement) 

Dieter, Grorce H., Sales Engr., The Fluor Corp., Ltd., Los 
Angeles, Calif. 

FAULKNER, JOHN H., Secy.-Treas., Langdon-Faulkner Co., Inc., 
Seattle, Wash. 

GESSELL, Etmer T., Sales Engr., W. E. Lewis & Co., Dallas, 
Tex. 

HARRINGTON, Larry J., Mfrs. Repr. and Factory Agent, Port- 
land, Ore. 

HoKANSON, Cart G., Owner-Engr., C. G. Hokanson Co., Los 
Angeles, Calif. 

JONEs, Witiiam C., Mer.., Johnson Service Co., Washington, 
D.C. 

Kurtz, Orro, Mech. Engr., Oakland, Calif. 


Lancpon, Epwin H., Pres., Langdon-Faulkner Co., Inc., Seattle, 
Wash. 

Martin, Georce D., Br. 
Francisco, Calif. 
Maurer, Lester, Asst. 
Metnick, N. A., Engr., G. 

Calif. 
Masia Joun W., Engr.. Motorwheel Corp., 
Newsy, [ra P., Sales Engr., American Radiator 

Sanitary Corp., Dallas, Tex. 
RITTLEMEYER, JOHN M., Owner, Rittlemever & Co., 


Mer., Grinnell Co. of Pacific, San 
Engr., Navy Dept., W aptiaaton, aC. 


M. Simonson, C. E., San Francisco, 


Lansing, Mich. 
& Standard 


Atlanta, Ga. 


Rumsey, Joun L., Construction Engr., G. M. Simonson, C. E., 
San Francisco, Calif. 

SAMUELS, SIDNEY, Pres., Sidney Samuels, Inc., New York, N. Y. 
( Advancement ) 

Scott, WILLIAM Jr.. Vice-Pres., Scott Co., San Francisco, 
Calif. (Advancement) 

We tts, Epwarp E., Engr., Aluminum Co. of Canada, Montreal, 


Canada. 


WILLSoN, FRANK J., Roches- 


Vice-Pres., Staynew Filter Corp., 


ter, N. Y. 


uw 
— 
t 


We are now instructed by the Council to post herewith, 


as required by Art. 


BAXTER, 


Coal Burning Corp., 


I REESTROM, 
GUNTON, 
Moines, la. 
Howper, 
D. C. 
LANGBERG, 
Winfield, Fe 3 
ParKs, VERNON H., 
City, Mo. 
PETERSON, 
ReIcH, 
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RODEFFER, 
Angeles, 
ScHIMM, 
Scorr, Roy M., 
cisco, Calif 


West, CHartes H., 


Richmond, Va 


Bron, 
Mt. Vernon, 
CHuase, Rocer E.., 
Crew, 
GAEBLER. M. R., 
Louis, Mo. 
Kent, A. 
versity, 
KING, 


MorAweck, ALVIN 


Contracting Co., 


B-IIT, 


Juuian F.,, 


CHARLES, 
Leonarp H., 


MARTIN, 


BERNHARD G., 
Jutius G., 
Cleveland, O 
Epcar W., 
Calif. 
E.uts L., 


Owner, 


BerNarp M., 
N. Y. 

Jr., Mfrs. Agt., 
Francis D., 
Sales Engr., 


DouGLas, 
Kingston, 
Bruce A., JR, 


Sec. 8, of the By-Laws, the follow 


ASSOCIATES 


Jr., Vice-Pres. & Sales Mer., Automati 

Atlanta, Ga. 
Artuur, Htg. & Vtg., O. Freiert Co., Alpena, Mic! 
Sales & Service, Service Htg. Co., Des 


Owner, April Showers Co., Washingto 


Vice-Pres., Carroll Sheet Metal Works, I 


Jr., Htg. Engr., Meyer Furnace Co., Kansas 


Nebr. 


Sales Engr., Omaha, 
Cleveland York 


Chief Engr. & Sales Mer., 
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